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(57) ABSTRACT 

The present invention provides according to the first aspect 
thereof a human anti-p -amyloid antibody obtained by puri- 
fication from a human IgG-containing bodyfluid by Ap-af- 
finity chromatography. In a second aspect the invention 
provides a method of piuification of an anti-AP-amyloid 
antibody, said method comprising the steps of obtaining a 
hiunan IgG-containing bodyfluid, subjecting the bodyfluid 
obtained to an Ap-afl5nity chromatography, and recovering 
the purified anti-Ap antibody firom the chromatography 
medium. Finally the invention provides for use of the above 
anti-Ap antibody for diagnosing and/or treating amyloid 
associated diseases, especially Alzheimer's disease and for 
a pharmaceutical composition comprising said antibody for 
treatment of Alzheimer's disease. 
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HUMAN BETA-AMYLOID ANTIBODY AND USE 
THEREOF FOR TREATMENT OF ALZHEIMER'S 
DISEASE 

[0001] The present invention relates to a human p-amyloid 
antibody, a method of purification thereof and the use of this 
pp-amyloid antibody in treatment of amyloid associated 
diseases, especially Alzheimer's Disease. 

BACKGROUND 
[0002] Alzheimer's disease is a progredient disease ini- 
tially manifesting itself with partial amnesia, and later 
restlessness, dysorientation, aphasia, agnosia or apraxia 
(cognitive decline), dementia and sometimes euphoria or 
depressions. The disease typically starts at 40 to 90 years of 
age and predominantly affects females. As to its occurrence, 
estimations are about 5% of the population above 65 years 
age. Alzheimer thus constitutes a major problem in indus- 
trialised countries. 

[0003] In Alzheimer's disease brain region-specific amy- 
loid deposition is a key neuropathological feature which is 
accompanied by astrogliosis, microglibsis, cytoskeletal 
changes, and synaptic loss. These pathological alterations 
are thought to be linked to the cognitive decline and demen- 
tia which defines the disease. These neuritic depositions or 
plaques and neurofibrillary tangles comprise the major neu- 
ropathological changes associated with Alzheimer's disease. 
Although other neuropathological changes have been hnked 
to Alzheimer's disease, evidence indicates that they are as 
weU somehow related to the classical lesions. 

[0004] Neuritic plaques are spherical, multicellular lesions 
that are usually found in moderate or laige numbers in 
limbic structures and association neocortex. The plaques 
contain extracellular deposits of p -amyloid protein (AP)that 
include abundant amyloid fibrils intermixed with non-fibril- 
lar forms of this peptide. The major protein constituent of 
plaques is the p-amyloid protein (Ap). Neuritic plaques have 
degenerating axons and dendrites within and intimately 
surrounding the plaque. Such plaques also contain variable 
numbers of activated microglia that are often situated within 
and near the fibrillar amyloid core, as well as reactive 
astrocytes surrounding the core. 

[0005] The major constituent of the plaque, the p-amyloid 
protein, arises from a larger precursor protein, the amyloid 
precursor protein (APP). The amyloid precursor protein 
(APP) refers to a group of ubiquitously expressed proteins 
whose heterogeneity arises from both alternative splicing 
and posttranslational processes. Cleavage of APP in its 
COOH* terminal region in the transmembrane domain by 
P-secretase and y-secretase results in the formation of the 
p-amyloid protein. 

[0006] Ap is secreted continuously by normal cells and 
can be detected as a circulating peptide in the plasma and 
cerebrospinal fluid (CSF) of healthy humans. In Alzheimer's 
disease it is thought that increased production of AP and/or 
a decreased metabolism of Ap may lead to plaque deposition 
and consecutively to the neuropathological changes associ- 
ated with Alzheimer's disease. Evidence for the role of Ap 
in Alzheimer's disease include the observation that miss- 
sense mutations in the APP have been fotmd to be the cause 
of familial Alzheimer disease cases. 

[0007] Several endogenous substrates, including apolipo- 
protein E have been shown to be associated with plaque 



formation. In U-ansgenic mice APP"^"^^^ (PDAPP) the lack 
of the apohpoprotein E gene (apoE-knock-out mice) results 
in the absence of amyloid plaque deposition (Games et al.. 
Nature 1995; Bales et al., Nat Genet 1997). These transgenic 
mice (PDAPP) normally develop amyloid plaques in an 
age-dependent manner starting at three months of age. 

[0008] Schenk and coworkers (Schenk et al. Nature 

400:173, 1999) investigated the plaque burden in the 
PDAPP-mice following an immunization treatment. 
PDAPP-mice were immunised with pre -aggregated Ap for 
different time periods using Freud's adjuvant. Plaque depo- 
sition in these mice decreased significantly following the 
immimization treatment. Sham-mice did not show a 
decrease in plaque deposition. 

[0009] Treatment of APP^'^^''^ transgenic mice with anti- 
bodies raised against Ap was also reported to attenuate 
amyloid plaque formation, neuritic dystrophy and astroglio- 
sis in younger mice as well as to decrease plaque burden in 
older mice. However, the finding could not be verified in 
other mice. 

[0010] Despite of the above knowledge no therapy for 
amyloid associated diseases, especially Alzheimer's disease 
is available up to today. However, an effective therapy for 
Alzheimer's disease would be highly desirable because of its 
broad spread occurrence. 

[0011] It is therefore an object of the present invention to 
provide such therapy of and/or means for diagnosing amy- 
loid associated diseases, especially Alzheimer's disease. 

SUMMARY OF THE INVENTION 

[0012] The above object can be solved by a human anti- 
P-amyloid antibody and a pharmaceutical composition com- 
prising the same as stipulated in the appending claims. 

[0013] More in detail the present invention according to 
the first aspect thus provides a htmian anti- p-amyloid anti- 
body obtained by purification firom a human IgG-containing 
body fluid by AP-afl5nity chromatography. 

[0014] In a second aspect the invention provides a method 
of purification of an anti-Ap-amyloid antibody, said method 
comprising the steps of obtaining a human IgG-containing 
bodyfluid, subjecting the bodyfluid obtained to an Ap-afi5n- 
ity chromatography, and recovering the purified anti-Ap 
antibody from the chromatography medium. 

[0015] Finally the invention provides for use of the above 
anti-Ap antibody for diagnosing (with a special developed 
ELISA) and/or treating amyloid associated diseases, espe- 
cially Alzheimer's disease and for a pharmaceutical com- 
position comprising said antibody for treatment of amyloid 
associated diseases, especially Alzheimer disease and manu- 
facture thereof, 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The applicants have now found that naturally- 
occurring Ap antibodies exist in biologically relevant fluids 
i.e. CSF and plasma, and that levels of these antibodies differ 
between normal age-matched healthy controls and AD 
patients. Based on these findings it was concluded and then 
supported by experiments that the antibody can be used for 
diagnosis and treatment of amyloid associated diseases and 
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especially of Alzheimer's disease. In the context of this 
specification the terms "anti-Ap antibodies" and "Ap anti- 
bodies" are used interchangeably to designate the antibody 
of the invention. 

[0017] In lumbar CSF samples which included 49 age- 
matched non-demented individuals with no family history of 
cognitive impairment and 60 individuals with confirmed 
AD, detection of CSF Ap antibody levels was determined 
utilizing an ELISA assay in which the Ap peptide was used 
as the capture ligand (see below), 

[0018] Human anti-Ap antibody was detected in CSF 
samples in both of the populations studied. It was confirmed 
that the Ap antibody activity detected by the ELISA repre- 
sents antibodies specific to Ap by absorbing the activity with 
protein-A Agarose, and APi^ or AP^.^a- However, no 
interaction was found between this AP-antibody and Ap4o_i 
or unrelated neuropeptides such as neuropeptide F or neu- 
ropeptide Y. The mean level of Ap antibody in the Alzhe- 
imer's disease group was 30% lower than controls (control: 
370±39, AD: 2763:27; p<0.05, one way ANOVA). 

[0019] These data demonstrate that an antibody directed 
against AP (anti-Ap antibody or short: Ap antibody) is 
present in physiologically relevant concentrations in human 
fluids, like CSF and serum. Antibody titres are significantly 
higher in control subjects than AD patients. The generation 
of naturally occurring Ap-antibodies and subsequent Ap/an- 
tibody complex formation, may be involved in the normal 
clearance of Ap peptide(s), which serves to reduce Ap 
deposition and neuritic plaque formation. 

[0020] The lower titres of Ap antibody found in more than 
50% of the AD patients investigated in this study compared 
to controls suggest that reduced Ap antibody generation 
and/or complex formation contributes to an abnormal (i.e. 
reduced) clearance function. Similar clearance problems 
may occur in other neurodegenerative diseases or amyloid 
associated diseases such as primary and secondary amyloi- 
doses. The present invention thus pertains to treatment and 
diagnosis of these other amyloid associated diseases as well. 

[0021] Based on the above hypothesis the treatment with 
antibodies against AP i.e. Ap antibodies is a new strategy to 
treat diseases associated with amyloid deposition. These 
treatments include the increase of Ap-antibody levels by 
using immunoglobulins (IgG), preferably human IgG with 
high titres of Ap antibodies or using anti-Ap antibodies 
purified from human IgG containing fluids. The present 
invention also encompasses use of antibody fragments (Fab 
etc.) as long as complex formation can be achieved. 

[0022] Thus, the present invention relates to a human 
anti-p-amyloid antibody (AP-anlibody) obtained by purifi- 
cation from a human IgG-containing bodyfluid by Ap-af- 
finity chromatography. Preferably the human anti-Ap anti- 
body belongs to the class of immunoglobulines G (IgG) and 
does not recognize Ap^.j, neuropeptide F, neuropeptide Y, 
and Amylin, and specifically recognizes one or more of 
APi-4o» Api^2> ^i^^i AP25.35, and preferably recognizes all of 
Apa.4o» Api_42> and Ap25.3s- 

[0023] According to a second embodiment the present 
invention relates to a method of purification of an anti-Ap - 
antibody comprising the steps of obtaining a human IgG- 
containing bodyfluid, subjecting the bodyfluid obtained to 
an Ap -affinity chromatography, and recovering the purified 



anti-Ap antibody. Preferably the IgG-containing bodyfluid is 
a fluid selected from the group consisting of cerebrospinal 
fluid, plasma and urine, all of them obtained from one or 
more human beings (pooled samples). 

[0024] Furthermore, it is preferred that the Ap-aflSnity 
chromatography is carried out by an Ap-afl5nity column, 
obtained by conjugating A^^,^ onto Sepharose 4B, elution 
with elute buffer at pH 1.5 to 2.5 at 4* C. using an FPLC 
system. 

[0025] The present invention also relates to the use of the 
above anti-Ap antibody and/or the use of an IgG containing, 
preferably IgG enriched fluid for diagnosing and/or treating 
amyloid associated diseases, especially Alzheimer's disease. 
Preferably the use is for treatment of amyloid associated 
diseases, especially Alzheimer's disease. 

[0026] According to another embodiment there is pro- 
vided a pharmaceutical composition comprising the anti-Ap 
antibody of the present invention. A pharmaceutical com- 
position of the invention comprises the anti-Ap antibody and 
is preferably for parenteral administration, e.g. by i.v., i.m. 
or i.e. injection. It may comprise conventional carriers. A 
preferred dosage for administration is in the range of 0.001 
to 3 g/kg body weight per day, a more preferred dosage for 
administration being in the range of 0.01 to 0,4 g/kg body 
weight per day. 

[0027] The experimental work forming the basis of the 
present invention was carried out using the following mate- 
rials and methods: 

[0028] AP antiljody EUSA: 

[0029] 1 mg AP(i.^o) IS dissolved in 2 ml H^O. Then add 
up to 200 ml coating buffer (1.7 mM NaH^PO^^H^O; 98 
mM Na2HP04*7H20, 0,05% sodium azide; pH 7.4). Add 
100 ;Ml/well of coating buffer overnight at 4" C. Remove 
coating buffer and block plate with blocking buffer for 80 
min. (blocking buffer 1: 0.25% casein in PBS, 0.05% 
sodium azide, pH«7.4). Wash plate 3 times with washing 
buffer (lxPBS/0.05% Tween-20). Load samples overnight at 
4® C, Remove samples and wash plate 3 times. Add mono- 
clonal anti-hiunan biotinylated IgG in blocking buffer 1 for 
1 h. Wash 3 times with washing buffer. Load antibody 
against biotin conjugated with horse radish peroxidase for 1 
h. Wash four times and add TMP for 10 min, then add H^SO^ 
(IN) to stop reaction and read at a plate reader at 450 nm. 

[0030] p-Amyloid-ELISA: 

[0031] For the measurement of Ap a commercially avail- 
able kit for APi^2, APi^o ^i-s was used. 

[0032] Cerebrospinal fluid (CSF) and plasma: 

[0033] lumbar CSF and plasma were collected following 
standard clinical procedures after informed consent of the 
patients. 

[0034] Criteria for the diagnosis of Alzheimer's disease: 

[0035] All normal controls bad no significant decline or 
impairment in cognition on clinical examination. They had 
no history or evidence of neurological disease with potential 
to affect cognition and no deficits in their ability to 
adequately perform activities of daily living (ADLs). All AD 
patients had a clinical examination, including neuropsycho- 
logical testing, to docimient deficits in cognition and ADLs, 
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laboratory studies and a nexiro logical examinatioa to exclude 
reversible causes of dementia. All patients met ICD-10 
criteria for dementia as well as NINCDS-ADRDA criteria 
for probable or possible AD. 

DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1: A-antibody has been identified in the CSF 
from Alzheimer's disease patients (AD) and control indi- 
viduals. Levels of Ap antibodies in CSF from AD patients 
were reduced by 30% when compared to age-matched 
control subjects (p<0.05, one way AJ^OVA) 

[0037] FIG. 2: 1 AD antibody unit=10 antibody litres. 1 
ml of CSF was incubated with 1, 10, or 100 //I of protein A 
conjugated with agarose bead (Sigma P-7786) overnight at 
4* C. (Pa). After removing protein A, 290 jwl of CSF were 
used to determine the titre of antibody. 1 ml of CSF was also 
incubated with Apj_4o, Apj.42, AP25-35 (1 mg was 
dissolved in 0.9 ml of deionised H2O). 0.8-20 /<L of Ap was 
used for overnight incubation (at 4** C.) with CSF. 290 ml of 
CSF was then used for determination. 

[0038] PE 1-100 Protein A precipitates (1, 10, or 100 
/*!) from CSF sample was incubated with 100 ^\of PBS (pH 
2.5). The recovered solution was used for titre determina- 
tion. The antibody titre is defined as the dilution of antibody 
that gives a half-maximal binding to antigen. (Pa: Protein A; 
AP1.40: p-Amyloid 1-40; APi_42: p-Amyloid 1-42; AP25.35: 
p-Amyloid 25-35; PE: elute from protein A precipitates) 

[0039] FIG. 3: Same condition as in FIG. 2. Only AP^. 
40=2 //l. AP4o-i=2 /d. Neuropeptide F and neuropeptideY (2 
//I), Amylin (2 /il). 

[0040] FIG. 4: Purification of anti-Ap antibodies by using 
Ap aflSnity column. After 250 g immunoglobulin (IgG) pass 
through the Ap affinity column, 10 ml of elute buffer (pH2.5) 
was used to elute Ap antibody. Then another 10 ml of elute 
buffer (pHl.5) was used to elute the remainder of antibodies. 
After ELISA detection, significant amount of Ap antibody 
was detected in pH 2.5 elute buffer. IgGBimmunoglobulin 
lOOfd. PH2.5, 1.0: elute antibodies by usingpH2.5 and then 
pHl.5 buffers from aflSnity column: 100 /d. PT: IgG pass 
through Ap affinity column, equal to 100 fd of IgG. Most 
anti-Ap antibody elute from column by pH 2.5. Column: 3 
mg of Api_4Q was conjugated into Sepharose 4B (Pharmacia, 
5 ml). Purification by using Pharmacia FPLC system at 4 
degree. 1 AP antibody unit=10 antibody titres. (Elute buffer: 
50 mM glycine, 150 mM NaCl, pH 2.5). 

[0041] FIG. 5: Concentration of P-Amyloid in the CSF 
before treatment with immunoglobulins and 7-12 days and 
4 weeks after treatment, respectively. Measurements were 
done as described in Example 2. 

[0042] The following examples are given for illustration 
purposes only and are not intended to limit the scope of the 
invention. 

EXAMPLE 1 

Treatment of AD Patients by Infusion of Human 
IgG Immunoglobulins or Anti-Ap Antibodies from 
Human IgG 

[0043] As an example as to the therapy regimen 5-30 g 
(1-5 days) of IgG immunoglobulins (commercially avail- 



able) or a corresponding amount of purified anti-Ap anti- 
body are administered parenterally to the patient by the i.v. 
route. Levels of P-Amyloid, tau-protein as well as Ap-an- 
tibody are measured in the serum and CSF before and 
following the respective dose of IgG immunoglobulins for 
therapy control. The goal is to decrease p-amyloid concen- 
tration in the CSF and by that decrease the plaque burden in 
Alzheimer's disease and alleviate the neuropsychiatric and 
neuropsychological defects in Alzheimer's disease. This 
treatment introduces a new therapeutic approach to Alzhe- 
imer's disease. 

EXAMPLE 2 

Effect of i.v. Immunoglobulins on the 
Concentration of p-Amyloid in the CSF 

[0044] In this example the effect of the application of i.v. 
immunoglobulins (Octagam®, Polyglobulin®) on the con- 
centration of p-Amyloid in the CSF is investigated. 

[0045] Four patients suffering from different neurological 
disorders (Guillain-Barre-Syndrome; chronic inflammatory 
demyeUnating neuropathy, CIDP) were included in this 
study. Lumbar CSF was withdrawn before starting treatment 
with i.v. immunoglobulins. After 7 to 12 days and 4 weeks 
an additional lumbar puncture was performed. The with- 
drawal of CSF was performed during regular investigations. 
Patients were treated with i.v. immunoglobulins for 3-5 days 
with 0.4 g/kg per day before withdrawal of CSF. The 
concentration of p-Amyloid was measured in the CSF 
before treatment and 7-12 days and 4 weeks after application 
of i.v. immunoglobulins. The results are shown in FIG. 5. 

[0046] From the figure it can be seen that the amount of 
P-Amyloid was reduced from 1835 ng/1 before treatment to 
1622 ng/l(7-12 d after treatment) and 1376 ng/1 (4 weeks 
after treatment). These results show that i.v. administration 
of immunoglobulins has an effect on the concentration of 
p-Amyloid in the CSF. Immunoglobulins also reduce 
P-Amyloid in the brain of patients with Alzheimer's disease. 



1. A human anti-Ap-amyloid antibody obtained by puri- 
fication from a human IgG-containing bodyfluid by Ap-af- 
finity chromatography. 

2. Human anti-Ap-amyloid antibody of claim 1, charac- 
terized in that it belongs to the class of immunoglobulines G 
(IgG) and does not recognize Ap4o.j, neuropeptide F, neu- 
ropeptide Y, and Amylin, and specifically recognizes one or 
more of Api.4oAPi-42 AP25.35. 

3. A method of purification of an anti-Ap-amyloid anti- 
body comprising the steps of 

(i) obtaining a human IgG-containing bodyfluid, 

(ii) subjecting the bodyfluid obtained to an Ap-affinity 

chromatography, and 

(iii) recovering the purified anti-Ap antibody. 

4. The method of claim 3 wherein the IgG-containing 
bodyfluid is a cerebrospinal fluid, plasma or urine obtained 
from one or more human beings (pooled samples). 

5. The method of claim 3, wherein A-affinity chromatog- 
raphy is carried out by an AP-afl5nity column, obtained by 
conjugating Apj.40 onto Sepharose 4B, elution with elute 
buffer at pH 1.5 to 2.5 at 4* C. using an FPLC system. 
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6. Use of an anti-Ap -amyloid antibody according to 
claims 1 or 2 for treating amyloid associated diseases, 
especially Alzheimer's disease and primary and secondary 
amyloidoses. 

7. Use of an anti-Ap -amyloid antibody according to 
claims 1 or 2 for diagnosis of amyloid associated diseases, 
especially Alzheimer's disease and primary and secondary 
amyloidoses. 



8. Use of an IgG containing, preferably IgG enriched fluid 
for treatment of amyloid associated diseases, especially 
Alzheimer's disease. 

9. Pharmaceutical composition comprising an anti-Ap- 
amyloid antibody according to claims 1 or 2. 

♦ 4c « * * 
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conumS^ in the perlecan and HSPG preparations, and that the perlecan core protein ,s intact. Improved, clean periecan based, 
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TiUe: METHODS FOR PRODUCING PURE PERLECAN 

AND OTHER HEPARAN SULFATE PROTEOGLYCANS 

TECHNICAL FIELD 

The invention relates to methods for producing pure perlecan and other heparan 
sulfate proteoglycans; more particularly, it relates to methods for isolating and 
purifying perlecan and other heparan sulfate proteoglycans from tissue extracts by 
means of column chromatography; moreover, it relates to the pure perlecan and other 
heparan sulfate proteoglycans produced by these methods and to assays and animal 
models emplojdng these pure substances. 

BACKGROUND OF THE INVENTION 

Perlecan is a specific heparan sulfate proteoglycan (HSPG) and a common 
constituent of all amyloid deposits regardless of the specific amyloid protein involved. 
Perlecan is beUeved to play primary roles in the pathogenesis of amyloidosis and 
contributes to the formation, deposition, acciraiulation and/or persistence of amyloid 
in a variety of tissues and in different clinical settings. 

However, perlecan is an extremely difficult macromolecule to isolate in pure 
form, especially in substantial quantities, due in part to perlecan's inherent ability to 
interact with a number of different proteins and macromolecules. The most commonly 
utilized extract source for isolation of perlecan is the Engelbreth-Holm-Swarm (EHS) 
tumor which is routinely grown in the hind legs of mice. However, major problems stUl 
exist with trying to obtain "clean" perlecan from this basement membrane producing 
tumor, especially when using known methods of isolation. These problems include: a) 
contamination by other proteins and/or basement membrane components of the EHS 
tumor including laminin, fibronectin and type IV collagen which all tend to interact 
with perlecan, b) contamination due to the presence of free glycosaminoglycan (GAG) 
chains, and c) degradation of the perlecan core protein. 
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Thus, there is a need in the art to develop efifective new waya to isolate perlecan 
in high yield and of high quality (£.e. "clean" or substantially "pure" perlecan) in order 
to use this product for a number of important biological assays which have impact on 
a number of major human diseases including Alzheimer's disease. Down's syndrome, 
type II diabetes, certain forms of cancer and inflammatory disorders. All of these latter 
diseases involve amyloid accumulation and persistence, and involve perlecan and 
related HSPGs in the pathogenesis. Isolation of perlecan for use in further 
understanding perlecan's role in the pathogenesis of these major human disorders and 
for the eventual identification of new therapeutics will be of tremendous benefit. 

DISCLOSURE OF THE INVENTION 



15 



20 



{^.itfiTnarv p f fih** Tnvftntion 

The present invention describes methods of perlecan isolation and purification 
which produce "clean" perlecan, and do so in sufficient quantities for effective use in a 
number of difiFerent in vitrt> and in vivo assays. In addition, this isolation method does 
not require cesium chloride (or other density gradient) centrifugation and exploits a 
newly discovered aggregating property of a "220 kilodalton (kDa) heparan sulfate 
proteoglycan (HSPG) observed during gel filtration (ie. molecular sieve) 
chromatography, which aUows it to also be effectively isolated separately fifom 

non-aggregating perlecan. 

In these methods, 50-200 grams of EHS tumor are routinely extracted using 4M 
guanidine-HCl, followed by specific cation exchange, anion exchange and/or molecular 
sieve chromatography. SDS-PAGE analysis (before and after digestion with 
heparitinase/heparinase or nitrous acid) foDowedby staining with silver, demonstrates 
no other contaminating proteins in the perlecan preparations. Western blots using a 
25 specific perlecan cote protein antibody (HK- 102) foUowing heparitinase digestion show 
a characteristic doublet at 400 and 360 kDa indicative of intact perlecan core protein. 
Absence of contamination by other basement membrane componente produced by the 
EHS tiunor is confirmed by absence of immunoreactive bands on Western blote using 
antibodies against laminin, fibronectin or type IV collagen. 

The present invention describes detailed isolation and characterization of 
perlecan and a -220 kDa HSPG &om the EHS tumor to ensure quantity production of 
perlecan and the -220 kDa HSPG of the highest quality, and to maximize the potential 
effecte of these products using in vitro assays, and in a rodent model of fibrillar 
beta-amyloid protein deposition, accumulation and/or persistence in brain tissue. In 
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addition, the methodology describes the \mique isolation of a -220 kDa HSPG finom the 
EHS tumor. Lastly, several aspects of the isolation methodology described, including 
the use of anionic resins (i.c. cationic exchange resins) and immobilized 
glyoosaminoglycans (GAGs), can also be applied, as for instance following conventional 
5 extraction techniques, to obtain preparations of other "dean" proteoglycans (PGs) from 
different tissue, organ, tumor or cell culture sources. 
Fpafiirftq nf thfl Invention 

Perlecan is a specific HSPG which is present on all basement membranes 
(Dziadek et al.. EMBO i 4:905-912, 1985; Kato et al., J. Cflll BioL 106:2203-2210, 

10 1988; Murdoch et al.. J Hi5itnrhem. Cytochem, 42:239-249, 1988). Perlecan is beUeved 
to play fundamental roles in the pathogenesis of Alzheimer's disease (AD) amyloidosis, 
as well as in other types of central nervous system and systemic amyloidoses (reviewed 
in Snow and Wight. Nftliro h^"^ Aging 10:481-497, 1989). Perlecan can be routinely 
isolated from the EHS mouse tumor. However, it is extremely difficult to isolate 

15 perlecan in "pure" form and in sufficient quantities due to perlecan's inherent ability 
to interact with other basement membrane components (Le. laminin, fibronectin and/or 
type IV collagen) which are also produced by the EHS tumor. This invention relates to 
detailed methodology that allows one to isolate perlecan in relatively "pure" or "clean" 
form and in sufficient quantities for use in a number of diflTerent and relevant in vitro 

20 and in vivo assays. Some of the work disclosed here has been reported by GM Castillo, 
JA Cummings, C Ngo, W Yang and AD Snow in a manuscript entitled Novel 
Purification and Detailed Characterization of Perlecan Isolated from the 
Engelbreth-Holm-Swarm Tumor for Use in an Animal Model of Fibrillar Afi Amyloid 
Persistence in Brain, in J Riochem. 120:433-444, 1996, the substance of which is 

25 hereby incorporated by reference. 

A primary object of the present invention is to provide methods for the isolation 
of intact and 'clean" (Le. substantially "pure") perlecan which does not contain 
contaminating proteins or other macromolecules. The terms "clean" "substantiaUy 
pure" and/or "free (of contaminants)" are used herein to refer to isolated perlecan or 

30 HSPGs that contain less than 1% (and preferably 0.1% or less) by weight of 
contaminating proteins, other macromolecules or DNA. 

Yet another object of the present invention is to provide methods for the 
isolation of a quantity of intact and "clean" HSPG such as perlecan which preferably 
contains substantially no (less than 1% and preferably less than or equal to 0.1%) 
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oontaminating basement membrane components including laminin, fibronectin, or type 
IV collagen. 

Yet another object of the present invention is to provide methods for the 
isolation of a quantity of intact and "clean" HSPG such as perlecan which preferably 
5 contains substantially no Gess than 1% and preferably less than or equal to 0.1%) of 
free glycosaminoglycan (GAG) chains. 

Yet another object of the present invention is to provide methods for the 
isolation of a quantity of intact and "clean" HSPG such as perlecan which preferably 
contfiiins substantially no (less than 1% and preferably less than or equal to 0.1%) of 
10 potential contaminating DNA. 

Yet another object of the present invention is to provide methods for the 
consistent production of "clean" perlecan in sufficient quantities for use in a number 
of different and relevant in vitro and in vivo biological assays. 

Yet another object of the present invention is to provide like methods to isolate 
15 other proteoglycans from human and animal tissues or cell culture, such that the 
isolated PGs are essentially "free" of contaminating laminin, fibronectin, type IV 
collagen and/or other matrix proteins (i.e. those proteins that normally interact with 
proteoglycans). 

Yet another object of the present invention is to provide methods to remove 
20 PG-asaociated proteins or macromolecules in order to obtain "clean" or substantially 
"pure" PG preparations. 

Yet another object of the present invention is to provide methods for the use of 
immobilized GAGs to remove PG-associated proteins or macromolecules in order to 
obtain "clean" or substantially "pure" PG preparations. 
25 Yet another object of the present invention is to provide methods for the use of 

cation exchange resins to remove PG-associated proteins or macromolecules in order 
to obtain "clean" or substantially "pure" PG preparations. 

Another aspect of the present invention is to use "clean" perlecan and/or --220 
kDa HSPG {Le. perlecan and^or -220 kDa HSPG produced by one or more methods of 
30 the invention) to establish new therapeutic methods and diagnostic apphcations for the 
amyloid diseases, methods otherwise impractical with conventionally prepared perlecan 
or HSPG. 

The amyloid diseases referred to herein include, but are not limited to, the 
amyloid associated with Alzheimer's disease and Down's syndrome (wherein the 
35 specific amyloid is referred to as beta- amyloid protein or AI5), the amyloid associated 
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with chronic inflammation, various forms of malignancy and Familial Mediterranean 
Fever (wherein the specific amyloid is referred to as AA amyloid or 
inflammation-associated amyloidosis), the amyloid associated with mviltiple myeloma 
and other B-cell dyscrasias (wherein the specific amyloid is referred to as AL amyloid), 
5 the amyloid associated with type II diabetes (wherein the specific amyloid is referred 
to as amylin or islet amyloid), the amyloid associated with the prion diseases including 
Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome, kuru and animal scrapie 
(wherein the specific amyloid is referred to as PrP amyloid), the amyloid associated 
with long-term hemodialysis and carpal tunnel syndrome (wherein the specific amyloid 

10 is referred to as beta^-microglobulin amyloid), the amyloid associated with senile 
cardiac amyloid and Familial Amyloidotic Polyneuropathy (wherein the specific 
amyloid is referred to as transthyretin or prealbxmiin), and the amyloid associated with 
endocrine tumors such as medullary carcinoma of the thyroid (wherein the specific 
amyloid is referred to as variants of procalcitonin), 

15 Another aspect of the present invention is to use "clean" perlecan and/or -220 

kDa HSPG to produce new polyclonal and/or monoclonal antibodies of a previously 
unattainable pvuity and integrity which can then be employed in a number of in vitro 
assays to specifically detect perlecan, perlecan derived-firagments, the -220 kDa HSPG 
and -220 kDa HSPG-derived fragments in human tissues and/or biological fluids. 

20 Polyclonal or monoclonal antibodies made specifically against "clean" perlecan, a 
protein core fragment of "clean" perlecan (which interacts with specific amyloid 
proteins), or the -220 kDa HSPG can be put to a most effective use to detect and 
quantify amyloid disease specific perlecan or -220 kDa HSPG fragments in hxunan 
tissues and/or biological fluids, and to a previously unattainable degree of precision. 

25 These antibodies can be made by administering the "clean" perlecan or the -220 kDa 
HSPG in antigenic form to a suitable host. Polyclonal or monoclonal antibodies may 
be prepared by standard techniques known to those skilled in the art. 

Another object of the present invention is to use perlecan or -220 kDa 
HSPG-specific antibodies referred to above for the detection and specific localization 

30 of perlecan, the -220 kDa HSPG or their fi'agments in human tissues, cells, and/or cell 
culture using standard immunohistochemical techniques, known to those skilled in the 
art. 

Yet another aspect of the present invention is to use antibodies recognizing 
perlecan, -220 kDa HSPG, or firagments thereof, for in vivo labeUng; for example, with 
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a radionucleotide, for radioimaging to be utilized for in uivo diagnosis, and/or for in 
vitro diagnosis. 

Another object of the present invention is to use dean perlecan and/or 
perlecan-derived peptides or fragments for use in in viUv assays to detect perlecan 
5 autoantibodies in human biological fluids. Specific assay systems can be utilized to not 
only detect the presence of perlecan autoantibodies in biological fluids, but also to 
monitor the progression of disease by following elevation or diminution of perlecan 

autoantibody levels. 

Another aspect of the invention is to use clean perlecan. perlecan fragments, 

10 perlecan-derived peptides, -220 kDa HSPG or fragments thereof, to generate 
antibodies and/or molecular biology probes for the detection of perlecan or the -220 
kDa HSPG in human tissues in the amyloid diseases. 

Yet another aspect of the present invention is to utilize "clean" perlecan or -220 
kDa HSPG products for the establishment of new animal models for the deposition, 

15 accumulation and/or persistence of fibrillar AO amyloid in brain as observed in 
Alzheimer's disease and Down's syndrome. These new animal models can be used to 
effectively screen and identify new therapeutic agents that target fibnllar Afi amyloid 
formation, deposition, accumulation and/or persistence in brain. 

Yet another aspect of the present invention is to provide new animal models for 

20 the production, deposition, accumulation and/or persistence of fibrillar amyloid as 
observed in each of the other amyloidoses, by employing the "clean" perlecan of the 
invention. This includes, but is not limited to, the amyloid associated with chronic 
inflammation, various forms of malignancy and Familial Mediterranean Fever 
(wherein the specific amyloid is referred to as AA amyloid or inflammation-associated 

25 amyloidosis), the amyloid associated with multiple myeloma and other B-cell dyscrasias 
(wherein the specific amyloid is referred to as AL amyloid), the amyloid associated 
with type II diabetes (wherein the specific amyloid is referred to as amylin or islet 
amyloid), the amyloid associated with the prion diseases including Creutzfeldt-Jakob 
disease. Gerstmann-Straussler syndrome, kuru and animal scrapie (wherein the 

30 specific amyloid is referred to as PrP amyloid), the amyloid associated with long-term 
hemodialysis and carpal tunnel syndrome (wherein the specific amyloid is referred to 
as betaj-microglobulin amyloid), the amyloid associated with senUe cardiac amyloid 
and Familial Amyloidotic Polyneuropathy (wherein the specific amyloid is referred to 
as transthyretin or prealbumin), and the amyloid associated with endocrine tumors 
35 such as medullary carcinoma of the thyroid (wherein the specific amyloid is referred 
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to a3 variants of procalcitonin). These new animal models can also be used for the 
evaluation of candidate drugs and therapies for the prevention and treatment of the 
amyloidoses as referred to above. 

In a particiilar aspect of the invention there is a method of preparation of 
5 substantiadly pure proteoglycan from an extract source, with the method using some 
or all of the following steps: a) isolation of an extracted proteoglycan by molecular sieve 
column chromatography, b) cation exchange column chromatography, c) anion 
exchange column chromatography, and d) chromatography using a column containiag 
immobilized glycosaminoglycans. The proteoglycan referred to is advantageously 
10 perlecan. but can be the --220 kDa HSPG (aggregating or not), or fragments thereof, 
and the preferred though not exclusive extract source is Engelbreth-Holm-Swarm 
ttmior tissue. 

The isolation by molecular sieve column chromatography employs a Sephacxyl 
S-400 column; the isolation by cation exchange column chromatography employs a 

15 Sulphopropyl Sepharose coliunn; the isolation by anion exchange column 
chromatography employs a DEAE-Sephacel column; the isolation by a molecular sieve 
column employs a second column in the form of a Sephacryl S-1000 column; the 
isolation by a column containing immobilized glycosaminoglycans employs a 
heparin-Sepharose column. In each variation of the method, isolation proceeds to a 

20 level of contaminating proteios, proteoglycans or macromolecules of less than 1%, or 
to a level of contamination by DNA of less than 1%. and preferably proceeds in any case 
to a level of contaminating proteins, proteoglycans or macromolecules of less than or 
equal to 0.1%. 

Another aspect of the invention is the clean perlecan produced by the method 
25 of the invention, having a level of contaminating proteins, proteoglycans, 
macromolecules or DNA of less than 1%. Another aspect is a method of making an 
antibody, with the method producing antibodies from the clean perlecan. The making 
of the antibody includes the step of production of at least one type of antibody selected 
from the group of antibody t3rpes consisting of polyclonal, monoclonal, and chimeric 
30 antibodies and anti*idiot}rpic antibodies. 

There is also a disclosed a method to diagnose a disease or a susceptibility to a 
disease related to the levels of perlecan, perlecan-derived protein or glycosaminoglycans 
fragments, -220 kDa HSPG, or -220 kDa HSPG-derived protein or glycosaminoglycans 
fragments, the method comprising determining levels of perlecan. a particular 
35 perlecan-derived fragment, or the -220 kDa HSPG. or -220 kDa derived fragment in 
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a sample, whereby the levels are indicative of the presence of a disease, susceptibility 
to a disease, or progression of said disease, such as an amyloid disease. This method 
can advantageously include the step of radiolabeling the antibodies for radioimaging 
or in vivo diagnosis for detection of perlecan, perlecan-derived protein or 
5 glyoosaminoglycans fragments, -220 kDa HSPG, or -220 kDa HSPG-derived protein 
or glycosaminoglycan fragments. 

There is also disclosed a method for detection and quantification of perlecan and 
perlecan-derived fragments in biological fluids comprising a) allowing a first clean 
perlecan or perlecan-derived fragment antibody to bind to microtiter wells for a 
10 sufficient time to allow said binding, b) adding a quantity of biological fluid to the 
microtiter wells, c) incubating the biological fluid for sufficient time to allow binding 
of any perlecan or perlecan-derived fragment in the biological fluid to the first antibody 
on the microtiter wells, d) adding a second labeled antibody to the microtiter wells 
wherein the second labeled antibody is against perlecan or perlecan-derived fragment, 
15 but which is against a diflerent epitope than the first antibody, and allowing the second 
antibody to bind to any perlecan or perlecan-derived fragment captured by the first 
antibody, and e) detecting bound materials using an appropriate substrate or label. 

There is also disclosed a method for detection and quantification of perlecan 
autoantibodies in biological fluids comprising a) allowing dean perlecan or a fragment 
20 thereof to bind to microtiter wells for a sufficient time to allow said binding, b) adding 
a quantity of biological fluid to the microtiter wells, c) incubating the biological fluid 
for sufficient time to allow binding of any perlecan autoantibody in the biological fluid 
to the clean perlecan or a fragment thereof on the microtiter wells, d) adding a labeled 
antibody to the microtiter wells wherein the labeled antibody is against himian 
25 immunoglobulins and allowing the antibody to bind to any perlecan autoantibody 
captured by the perlecan or a fragment thereof, and e) detecting bound materials using 
an appropriate substrate or label. 

In any of the methods of the invention, the biological fluids may be blood, 
plasma, serum, cerebrospinal fluid, sputum, saliva, urine and stool or the like. 
30 There is also disclosed a method for the treatment of a patient having an 

identified dinical need to interfere with the pathological effects of amyloid, the method 
comprising administrating to the patient a therapeutically effective amount of clean 
perlecan. or a protein or glycosaminoglycan fragment thereof, where the amyloid 
disease is Alzheimer's disease. 
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There is also disclosed a method for producing an animal model of amyloid 
diseases comprising a) injecting or infusing clean perlecan, the -220 kDa HSPG, or 
fragments thereof, in combination with the appropriate amyloid protein into a given 
tissue or organ of a non-human mammal, and b) allowing sufficient time for the 
5 amyloid protein plus perlecan or the --220 kDa HSPG to be co-deposited in said tissue 
or organ, c) detecting the amyloid deposit in said organ in tissue using standard 
staining techniques for fibrillar amyloid. In this method the amyloid disease may be 
Alzheimer's disease and the appropriate amyloid protein may be the beta-amyloid 
protein (AC). The tissue or organ may be brain tissue, and the non-human mammal 
10 may be a rat or other rodent. 

There is also disclosed an in vivo assay for selecting a candidate therapeutic for 
inhibiting congophilic and fibrillar amyloid deposition/persistence, comprising a) 
administering a candidate reagent to a first animal in a first infusate comprising an 
amyloid protein and clean perlecan or the -220 kDa HSPG by continuous infusion at 
15 an infusion site into said tissue or organ, b) selecting the candidate reagent as a 
candidate therapeutic for inhibiting congophilic and fibrillar amyloid 
deposition/persistence if the fixst infusate diminishes Congo red and Thioflavin S 
staining indicative of fibrillar amyloid deposition/persistence at the infiision site, as 
comp^d with a second axiimal receiving a second infiisate consisting essentially of the 
20 amyloid protein and perlecan or the -220 kDa HSPG. 

A method of perlecan isolation (fi^om the EHS tumor) which produces "clean" 
(i.e. substantially "pure*^ perlecan is disclosed. Clean perlecan is thus produced in 
sufficient quantities for use in a nxmiber of different in vitro and in vivo assays. In 
addition, this isolation method exploits a newly discovered aggregating property of a 
25 "220 kDa heparan sulfate proteoglycan (HSPG) observed during gel filtration 
chromatography, which allows it to be effectively separated from non-aggregating 
perlecan. The method employs specific cation exchange, anion exchange, molecular 
sieve chromatography and immobilized GAG affinity chromatography. It is 
demonstrated that there are no other contaminating proteins in the perlecan and 
30 HSPG preparations, and that the perlecan core protein is intact. Improved, clean 
perlecan based, rodent models of fibrillar amyloid protein deposition, accumulation 
and/or persistence in tissues are disclosed. 

These and other features and advantages of the present invention will become 
more fully apparent when the following detailed description of the invention is read in 
35 conjunction with the accompanying figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are illustrative of embodiments of the invention and are 
not meant to limit the scope of the invention. 

FIGURE 1 is a schematic describing a protocol for clean perlecan purification 
5 (isolation) from the Engelbreth-Holm-Swarm tumor, 

FIGURE 2 is a color photograph of a SDS-PAGE gel stained with Alcian blue 
followed by Coomassie blue, which represents an analysis of the purity of perlecan, 
other proteoglycans, and/or proteins, at each step of the isolation proUxrol. 

FIGURE 3 is a black and white photograph of an Alcian blue stained 
10 SDS-PAGE gel of fractions obtained from a third pass through a Sephacryl S-1000 
column. 

FIGURE 4 is a black and white photograph of silver and Alcian blue stained 
SDS-PAGE gels to assess the purity of the final perlecan preparations. 

FIGURE 5 is a black and white photograph of silver staining of the final 
15 perlecan preparations to ensure intact perlecan core protein and absence of any 
contaminating proteins/ proteoglycans. 

FIGURE 6 is a black and white photograph of Western blot analysis to 
demonstrate the absence of laminin, fibronectin or type IV collagen in the final 
perlecan preparations, 

20 FIGURE 7 is a schematic describing another protocol employed for perlecan 

purification from the Engelbreth-Hohn-Swarm tumor with further modification steps 
to improve both clean perlecan yield, and the time required for isolation. 

FIGURE 8 is a color photomicrograph demonstrating the infiision of the 
perlecan product plus beta-amyloid protein (AC) into rodent hippocampus for the 

25 establishment of a reliable animal model of AB amyloid deposition/ persistence. 

BEST MODE OF CARRYING OUT THE INVENTION 
The following sections are provided by way of additional background to better 
appreciate the invention. 
Structure of Perlecan 
30 The DNA sequence for human perlecan encodes a protein core with a molecular 

weight of approximately 467 kDa (Murdoch. A.D. et al, J Biol, Chem, 267:8544-8557, 
1992) whereas the DNA sequence for mouse perlecan encodes a protein core with a 
molecular weight of approximately 396 kDa (Noonan, D.M. et al, tT Biol Chem , 
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266:22939-22947, 1991). The genes for human (Murdoch, A.D. et al, J, Biol, Chem, 
267:8544-8557, 1992; Kallunki, P. and Tryggvason, K. J. CfiU BioL 116:559-571, 1992) 
and mouse (Noonan, D.M. et al, J BinL Chem. 266:22939-22947, 1991) perlecan have 
been cloned and the predicted core protein consists of five distinct domains. Domain I 

5 contains the proposed heparan sulfate GAG attachment sites and is unique to perlecan 
showing no similarity to other known protein sequences. The location of the three 
Ser-Gly consensus heparan svdfate GAG attachment sites at the N-terminus 
corresponds with the number and position of known GAG chains (Kokenyesi, R. and 
Silbert, J,E. ttmrhpm Biop Hv*^ Rp*. Comm. 211: 262-267, 1995). Domain II is 

10 homologous to the LDL binding domain present in the LDL-receptor, whereas Domain 
III has homology to the globule-rod regions of the laminin short arms. Domain IV is a 
highly repetitive region with numerous immunoglobulin-like repeats that show the 
highest similarity to neural cell adhesion molecule (N-CAM), Domain V has three 
globular repeats very similar to the domain G repeats in the laminin A chain and the 

15 equivalent segment of the A chain homologue, merosin, and two epidermal growth 
facior-Uke regions (Noonan. D.M., and HasseU, J R., Kidney Int, 43:53-60, 1993). The 
perlecan core protein is therefore a unique and large macromolecule with homology to 
a number of other well known proteins. 

Perlecan Production by Different Cell Types and its Postulated Roles in the 
20 Pathogenesis of Amyloidoses 

Perlecan is present on all basement membranes (Dziadek et al, EMBO J. 4, 
905-912, 1985; Kato et al J CpII Biol. 106:2203-2210, 1988; Murdoch et al, iL 
Hiatonhem. Cvtochem. 42: 239-249, 1994) and was previously cloned from both human 
(Murdoch et al, Biol Chem. 267: 8544-8557, 1992; Kallunki and Tryggvason, J , Ce ll. 

25 BioL 116:559-571, 1992) and mouse (Noonan et al. tL^BioL Chflin, 266:22939-22947, 
1991). Perlecan is known to be produced by different cell types including endotheUal 
cells (Kjnsella and Wight, ElQChfinu 27:2136-2144. 1988; Saku and Furthmayr, J , Biol , 
Chem. 264:3514-3523, 1989; Rescan et al. Am J. Path. 142:199-208, 1993), smooth 
muscle ceUs (Nikkari et al, Am J Path. 144: 1348-1356, 1994), fibroblasts (Murdoch 

30 et al, J Hi5;tonhem. nvtochcm. 42:239-249, 1994; Heremans et al, tT , Cftll B i oL 
109:3199-3211, 1989), epithelial ceUs (Morris et al, Tn Vitro Cell Dev. Biol, 30:120-128, 
1994; Ohji et al, Onth Vi.s. Sci. 35:479-485, 1994; Van Det et al, Biofihftm . J, 

307:759-768, 1995), and synovial cells (Dodge et aJ, T^ah, Invest, 73:649-657, 1995). 
Perlecan is also synthesized by bone marrow derived cells (Grassel et al, MqL Ce ll 

35 BtochRm 145:61-68, 1995) and is present in cancerous tissue including metastatic 
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melanomas (Cohen et al. rnnror Rrs. 54:5771-5774. 1994), human breast tumors 
(Guelstein et al. Tnt J. Cancer 53:269-277. 1993). and Uver tumors (Kovalsky et al, 
/Vcf^ Riomed. Atenpo Parmense 64:157-163. 1993). Both F9 embryonal carcinoma cells 
(which form parietal endoderm) and P19 embryonal carcinoma cells (which form 
5 cholinergic neurons) also demonstrate marked increased perlecan expression and 
synthesis upon differentiation (Chakravarti et al. DftV. Dyn. 197:107-114, 1993; 
Sekiguchi et al. J NPiimsr.. Res. 38:670-686. 1994). 

Perlecan is postulated to play a primary role in the pathogenesis of Alzheimer's 
disease (AD) amyloidosis, as well as in other types of central nervous system and 
10 systemic amyloidoses (reviewed in Snow, and Wight, Nfliimhiol. Aging 10:481-497. 
1989). Only heparan sulfate proteoglycans have been found to be immunolocalized to 
all three major lesions (i.e. neuritic plaques, neurofibrillary tangles and 
cerebrovascular amyloid deposits) in Alzheimer's disease brain and specifically to the 
beta-amyloid protein (Ai3)-contaimng amyloid fibrils in both amyloid plaques and 
15 congophiUc angiopathy (Snow et al, Am .T. Path. 133:456 -463, 1988; Snow and Wight, 
Mt.iiiY>hinl Ayiny 10:481-497, 1989; Perlmutter and Chui. Brain Rp3. BvJl. 24:677-686, 
1990; Snow et al. Am J Path. 137:1253-1270, 1990; Su et al, Nfturoadfince 
51:801-813.1992; Van Cool et al. Dementia 4:308-314, 1993). Accumulating evidence 
suggests that perlecan is a major heparan sulfate proteoglycan present within the 
20 AB-containing amyloid deposits in Alzheimer's disease (Snow et al. Am . J . P a th . 
133:456 -463, 1988; Snow and Wight, Npiirohinl Aging. 10:481-497, 1989; Snow et al. 
Am J Path. 137:1253-1270, 1990; Snow et al. Am. tT. Path. 144:337-347, 1994) and 
may play a primary role in AJ3 fibril formation, deposition, accumulation and 
persistence. The consistent co-localization of perlecan to AB deposits which exist in both 
25 a fibrillar and non-fibriUar form (Siiow et al. Am J Path. 144:337-347, 1994) is 
probably due to perlecan's high affinity interactions with AB (Snow et al, tT . Npuropath . 
Ryn Neurol. 48:352, 1989 Abstract; Buee et al, Rrain Res. 601:154-163, 1993; Buee et 
al. Brain Rea. 627:199-204. 1993; Snow et al, Arrh RiocheTn. Bionhvs. 320:84-95, 1995) 
and with beta-amyloid precursor proteins (Narindrasorasak et al. J Biol . Che m. 
30 266:12878-12883, 1991). Residues 13-16 of AB have been identified as a perlecan 
binding site (Snow et al, J Neuronath. Fvp Neurol. 48:352, 1989 Abstract; Brunden 
et al, J. Neurochem. 61:2147-2154. 1993; Snow et al. Arch. Biochem. Biophys. 
320:84-95, 1995). This region contains a heparin/heparan sulfate binding consensus 
sequence (Cardin and Weintraub, Arterin.sr.l- 9:21-32, 1989). and is adjacent to the 
35 postulated alpha-secretase cleavage site on AB (at Lys-16). Once bound, perlecan is 
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believed to influence the secondary structure and/or aggregation properties of AB 
and/or beta-amyloid precursor proteins (Fraser et al, ,1 NffttTOChfim . 59:1531-1540, 
1992). Perlecan also appears to play a role in stabilizing fibrillar AO amyloid when 
deposited in vivo (Snow et al. MfiJUOn 12:219-234. 1994; Snow et al. . Sofi . NfiUroar. . Abat . 
5 21: 1292, 1995 Abstract), and protects AC from degradation by proteases as recently 
demonstrated in vitro (Gupta-Bansal et al. ,T Piol Chftin. 270:18666-18671. 1995). 
The combined results described above suggest that perlecan is an important 
macromolecule that has now been impUcated at several key steps in the pathogenesis 
of AC amyloidosis in AD. 
10 Other Amyloid Diseases 

The "amyloid diseases" consist of a group of clinically and generally unrelated 
human diseases which all demonstrate a marked accumulation in tissues of an 
insoluble extraceUular substance known as "amyloid", and usuaUy in an amount 
sufficient to impair normal organ function. Rokitansky in 1842 (Rokitansky. 
15 -Hnndhurh derp^tl^nlnmsrhen Anatomifi". Vol. 3. Braumuller and Seidel. Vienna) was 
the first to observe waxy and amorphous looking tissue deposits in a number of tissues 
from different patients. However, it wasn't until 1854 when Virchow (Virchow, Ardu 
Path Anat. 8:416. 1854) termed these deposits as "amyloid" meaning "starch-like" 
since they gave a positive staining with the sulfuric acid-iodine reaction, which was 
20 used in the ISSCs for demonstrating cellulose. Although ceUulose is not a constituent 
of amyloid, nonetheless, the staining that Virchow observed was probably due to the 
present of proteoglycans (PGs) which appear to be associated with aU types of amyloid 
deposits. The name amyloid has remained despite the fact that Friederich and Kekule 
in 1859 discovered the protein nature of amyloid (Friedrich and Kekule. Arch . P a t h. 
25 Anat PhvsioL 16:50. 1859). For many years, based on the fact that all amyloids have 
the same staining and structural properties, lead to the postulate that a single 
pathogenetic mechanism was involved in amyloid deposition . and that amyloid 
deposits were thought to be composed of a single set of constituents. Current research 
has clearly shown that amyloid is not a uniform deposit and that amyloids may consist 
30 of different proteins which are totally unrelated (Glenner. N F.nglanrl tT Mftd . 
302:1283-1292. 1980). 

Although the nature of the amyloid itself has been found to consist of completely 
different and unrelated proteins, all amyloids appear simUar when viewed under the 
microscope due to amyloids underlying protein able to adapt into a fibrillar structure. 
35 All amyloids regardless of the nature of the underlying protein 1) stain 
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characterisUcally with the Congo red dye and display a classic red/green birefringence 
when viewed under polarized light (Puchtler et al. ,J Hifltochem. Cytochflin. 
10:355-364, 1962), 2) ultrastructurally consists of Obrils with a diameter of 7-10 
nanometers and of indefinite length, 3) adopt a predominant beta-pleated sheet 
5 secondary structure. Thus, amyloid fibrils viewed under an electron microscope (30.000 
times magnification) from the post-mortem brain of an Alzheimer's disease patient 
would look nearly identical to the appearance of amyloid present in a biopsied kidney 
from a rheumatoid arthritic patient. Both these amyloids would demonstrate a similar 
fibril diameter of 7-10 nanometers. 
10 In the mid to late 1970's amyloid was clinically classified into 4 groups, primary 

amyloid, secondary amyloid, famihal amyloid and isolated amyloid. Primary amyloid, 
is amyloid appearing de novo, without any preceding disorder. In 25-40% of these 
cases, primary amyloid was the antecedent of plasma cell dysfunction such as the 
development of multiple myeloma or other B-cell type malignancies. Here the amyloid 
15 appears before rather than after the overt malignancy. Secondary amyloid, appeared 
as a complication of a previously existing disorder. 10-15% of patients with multiple 
myeloma eventually develop amyloid (Hanada et al. ff HistocheTTl , CYtochftm. 19:1-15, 
1971). Patients with rheumatoid arthritis, osteoarthritis, ankylosing spondylitis can 
develop secondary amyloidosis as with patients with tuberculosis, lung abscesses and 
20 osteomyehtis (Benson and Cohen, Arth. Ehfiimu 22:36-42. 1979: Kamei et al. Acta 
Path. Jpn. 32:123-133, 1982; McAdam et al. Lancet 2:572-575. 1975). Intravenous drug 
users who self-administer and who then develop chronic skin abscesses can also 
develop secondary amyloid (Novick. Mt. Sin. J. MeiL 46:163-167. 1979). Secondary 
amyloid is also seen in patients with specific malignancies such as Hodgkin's disease 
25 and renal ceU carcinoma (Husby et al. CanrPr Res. 42:1600-1603, 1982). Although 
these were all initially classified as secondary amyloid, once the amyloid proteins were 
isolated and sequenced many of these turned out to contain different amyloid proteins. 

The familial forms of amyloid also showed no uniformity in terms of the peptide 
responsible for the amyloid fibril deposited. Several geographic populations have now 
30 been identified with genetically inherited forms of amyloid. One group is found in Israel 
and this disorder is called Familial Mediterranean Fever and is characterized by 
amyloid deposition, along with recurrent inflammation and high fever (Mataxas, 
KidnfiX 20:676-685. 1981). Another form of inherited amyloid is Familial Arayloidotic 
Polyneuropathy, and has been found in Swedish (Skinner and Cohen. B i ochem . 
35 Rio phvR RPR Comm. 99:1326-1332, 1981), Portuguese (Saraiva et al. tT Iiflh . Cl i n . 
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Med* 102:590-603, 1983; J Clin. Tnvftat. 74:104-119, 1984) andJapanese CTawaraet 
al, J T.ah Clin. Med. 98:811-822, 1981) nationalities. Amyloid deposition in this 
disease occurs predominantly in the peripheral and autonomic nerves. Hereditary 
amyloid angiopathy of Icelandic origin is an autosomal dominant form of amyloid 
5 deposition primarily affecting the vessels in the brain, and has been identified in a 
group of families foimd in Western Iceland (Jennson et al, Clin. Genet, 36:368-377, 
1989). These patients clinically have massive cerebral hemorrhages in early life which 
usually causes death before the age of 40. 

The primary, secondary and familial forms of amyloid described above tend to 

10 involve many organs of the body including heart, kidney, liver, spleen, gastrointestinal 
tract, skin, pancreas, and adrenal glands. These amyloid diseases are also referred to 
as "systemic amyloids" since so many organs within the body demonstrate amyloid 
accumulation. For most of these amyloidoses, there is no apparent cure or effective 
treatment and the consequences of amyloid deposition can be detrimental to the 

15 patient. For example, amyloid deposition in kidney may lead to renal failure, whereas 
amyloid deposition in heart may lead to heart failure. For these patients, amyloid 
accumulation in systemic organs leads to eventual death generally within 3 to 5 years. 

Isolated forms of amyloid, on the other hand, tend to involve a single organ 
system. Isolated amyloid deposits have been found in the l\mg, and heart (Wright et 

20 al. Lab. Invest. 30:767-773, 1974; Pitkanen et al. Am J Path. 117:391-399, 1984). Up 
to 90% of type II diabetic patients (non-insulin dependent form of diabetes) have 
isolated amyloid deposits in the pancreas restricted to the beta cells in the islets of 
Langerhans (Johnson et al. New En?l J. Med. 321:513-518, 1989; Lab, Inveat. 
66:522-535, 1992). Isolated forms of amyloid have also been found in endocrine tumors 

25 which secrete polypeptide hormones such as in medullary carcinoma of the thyroid 
(Butler and Khan, Amh Path. Lab. Med. 110:647-649, 1986; Berger et al, Virch, Arch, 
A Path Anat. Hist. 412:543-551, 1988). A serious compUcation of long term 
hemodialysis is amyloid deposited in the medial nerve and clinically associated with 
carpal tunnel syndrome (Gejyo et al, piochem. piophva. Rps. Comm. 129:701-706, 

30 1985; Kidnev Int. 30:385-390, 1986). By far, the most common type and chnically 
relevant type of organ-specific amyloid, and amyloid in general, is that found in the 
brains of patients with Alzheimer's disease (see U.S. Patent No. 4,666,829 and Glenner 
and Wong, Biochem. Biophvs. Res. Comm. 120:885-890, 1984; Masters et al, ErOC. 
Natl. Arad. vSri , USA 82:4245-4249, 1985). In this disorder, amyloid is predominantly 

35 restricted to the central nervous system. Similar deposition of amyloid in the brain 
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occurs in Down's syndrome patients once they reach the age of 35 years (Rumble et al. 

Y.^^^nA .T Med. 320:1446-1452. 1989; Mann et al. Nf^irnhiol. Aging 10:397-399, 
1989). Other types of central nervous system amyloid deposition include rare but 
highly infectious disorders known as the prion diseases which include 
5 Creutzfeldt-Jakob disease. Gerstmann-Straussler syndrome, and kuru (Gajdusek et al, 
Sdsnce 197:943-960. 1977; Prusiner et al. Cfill 38:127-134. 1984; Prusiner. Scientific 
American 251:50-59. 1984; Prusiner et al. MidL-Sc. 2:33-39. 1985; Tateishi et al. Ana. 

lifiuraL 24:35-40. 1988). 

It was misleading to group the various amyloidotic disorders strictly on the 

10 basis of their clinical features, since when the major proteins involved were isolated 
and sequenced, they turned out to be different. For example, amyloid seen in 
rheumatoid arthritis and osteoarthritis, now known as AA amyloid, was the same 
amyk>id protein identified in patients with the famihal form of amyloid known as 
Familial Mediterranean Fever. Not to confuse the issue, it was decided that the best 

15 classification of amyloid should be according to the major protein found, once it was 
isolated, sequenced and identified. 

Thus, amyloid today is classified according to the specific amyloid protein 
deposited. The amyloid diseases include, but are not limited to, the amyloid associated 
with Alzheimer's disease, Down's syndrome and hereditary cerebral hemorrhage with 

20 amyloidosis of the Dutch type (wherein the specific amyloid is now known as the 
beta-amyk>id protein or AC), the amyloid associated with chronic inflammation, various 
forms of maUgnancy and FamiUal Mediterranean Fever (AA amyloid or 
inflammation-associated amyloidosis), the amyloid associated with multiple myeloma 
and other B-ceU abnormalities (AL amyloid), the amyloid associated with type II 

25 diabetes (amylin or islet amyloid), the amyloid associated with the prion diseases 
including Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome, kuru and 
animal scrapie (PrP amyloid), the amyloid associated with long-term hemodialysis and 
carpal tunnel syndrome (betaa-microglobuUn amyloid), the amyloid associated with 
senile cardiac amyloid and FamUial Amyloidotic Polyneuropathy (prealbumin or 

30 transthyretin amyloid), and the amyloid associated with endocrine tumors such as 
medullary carcinoma of the thyroid (variants of procalcitonin). 
Perlecan Isolation from the Engelbreth-Holm-Swarm Tumor 

The most commonly used source for isolation of perlecan is the EHS tumor 
which is routinely grown in the hind legs of mice (Hassell et al.. J Bin] , Chfim . 

35 260:8098-8105. 1985; Kato et al.. J Biol. Chem. 262:7180-7188, 1987; Ledbetter et al.. 
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BiQchem. 26:988-995, 1987; Paulsson et al.. J Mnl BioL 197:297-313, 1987). Known 
methods of perlecan isolation firom the EHS tumor employ a series of extractions and 
cesium chloride centrifugation (Fujiwara et al., Ryr J Riochem. 143:145-157, 1984; 
HasseU et al., J- Riol Chem. 260:8098-8105, 1985; Kato et al., J. Biol, Chfiin 
5 262:7180-7188, 1987; Ledbetter et al., Biochem. 26:988-995, 1987; Paulsson et al., i 
Mnl Biol- 197:297-313, 1987). Cesium chloride density gradient centrifugation is 
employed to separate the two major PCs produced by the EHS tumor, namely perlecan 
(referred to in the literature as the "low density HSPG"), and a smaller HSPG of M, 
200-400 kDa which has not been fully characterized (referred to as the Tiigh density 

10 HSPG") (Fujiwara et al., Eur. J, Biochem. 143:145-157, 1984; HasseU et al., 

Chem. 260:8098-8105. 1985; Kato et al.. J Rinl Chftm. 262:7180-7188, 1987; Ledbetter 
et al., Biochem. 26:988-995, 1987; Paulsson et al., J Mnl. Biol. 197:297-313, 1987). 
Some of the shortcomings of using these known methods of perlecan isolation include: 
a) contamination by other proteins and/or basement membrane components (i.e. 

15 laminin, fibronectin and type IV collagen) produced by the EHS ttmior, b) 
contamination due to the presence of firee GAG chains, and c) degradation of the 
perlecan core protein. 

In the present invention, methods of perlecan purification in quantities 
appropriate for various assay and therapeutic needs are described. These methods 

20 exploit a newly discovered aggregating property of the -220 kDa PG observed during 
gel filtration chromatography, which property was not exhibited by perlecan. In 
addition, the purification protocol of the invention employs a higher pH (preferably 
pH==8.0), in a higher pH range OpH=7.4 to 8.0+), than conventionally specified (HasseU 
et al., lUBioL Chem. 260:8098-8105, 1985; Kato et al., J Binl Chem. 262:7180-7188. 

25 1987; Ledbetter et al., Biochem. 26:988-995, 1987), and which higher pH is beUeved 
to significantly attenuate or block protein-GAG interactions (such as those described 
by Heinedgard and Sommarin. MathnfLs Enzvm. 144:319-372, 1987), thereby 
advantageously decreasing the involvement of possible contaminants which might 
otherwise bind to perlecan during fractionation. The perlecan preparations obtained 

30 from this novel methodology are of consistently high quality as demonstrated by a 
demonstrably intact core protein, and by absence of any significant quantity of 
contaminating proteins and/or free GAG chains. 

Infusion of this perlecan product into rodent brain, in the presence of A3, 
consistently leads to fibrillar AD amyloid deposits in the brain tissue in 100% of tested 

35 animals, but which is only observed in 60% of animals following infusion of AD alone. 
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Examples 

The following examples are set forth to provide those with ordinary skill in the 
art with the disclosure and description of detailed methodology to obtain "clean^' 
perlecan, and for the isolation of a -220 kDa heparan sulfate proteoglycan (HSPG) 
5 from EHS tumor. However, it should not be construed that the invention is Umited to 
these specific examples. 

Materials Used for the Examples Describing the Invention 

C57BL mice were purchased from B & K Universal (Kent. VfA). Nembutal was 
from Abbott Laboratories (North Chicago. XL). Alcian blue, Coomassie blue, EHS 
10 laminin. bovine plasma fibronectin, EHS type IV collagen, affinity purified rabbit 
polyclonal anti-laminin (L9393), heparinases I, II and III, BSA, normal goat serum, 
guanidine-HCl. CHAPS, Tris-HCl. N-ethylmaleimide (NEM). 6-aminohexanoic acid, 
benzamidine-HCl, phenylmethylsulfonyl fluoride (PMSF), silver nitrate, sodium 
bicarbonate, sodium nitrite and sodium citrate were all purchased from the Sigma 
15 Chemical Company (St. Louis. MO). Methanol, potassium acetate, glutaraldehyde, 
sodium hydroxide, ammonium hydroxide, sodium azide, formaldehyde, acetic acid, 
sodium chloride. (ethylenediamine)tetraacetic acid (EDTA). and urea were all from J.T. 
Baker Inc. (PhiUipsburg, N.J.). Absolute ethanol was from McCormick (Pekin, IL). 
Sephacryl S-400 and S-IOOO, DEAE-Scphacel and all columns used for analysis were 
20 purchased from Pharmacia (Uppsala, Sweden). Triton X-100 was from Boehringer 
Mannheim GndianapoUs, MN).The conductivity meter with Model number 2052 was 
from VWR Scientific (Seattle, WA). The mini-protean II electrophoresis system, mini 
transblot electrophoresis transfer cell, pre cast polyacrylamide gradient gels (4-15%), 
electrophoresis running bufTer. SDS sample buffer, and pre-stained molecular weight 
25 protein standards were from Bio-Rad (Richmond. CA). Nitrocellulose (0.45_m) was from 
Schleicher and Schuell (Keene. NH). Anti-laminin polyclonal antibody (AB756), and 
anti-fihronectin polyclonal antibody (AB1941) were Chemicon (Temicula. CA). 
Biotinylated secondary antibodies (goat anti-rat and goal anti-rabbit) were pixrchaaed 
from Jackson ImmunoResearch (West Grove, PN). Avidin alkahne phosphatase 
30 conjugate and alkaline phosphatase substrate solution (Vectastain ABC kit) were from 
Vector Labs, Inc. (Burlingame. CA). Tween-20 was from Calbiochem Corp. (La Jolla. 
CA). Anti-perlecan core protein monoclonal antibody (HK-102) was a generous gift from 
Dr. Koji Kimata (Aichi, Japan). 

Example 1 

35 Perlecan Purification from the Engelbreth-Holm-Swarm Tumor 
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Figure 1 shows a protocol for perlecan pxirification firom the EHS tumor. The 
EHS tumor was maintained in the right or left hind leg muscle of C57B1 mice following 
injection of tumor cells as previously described (Swarm, J. NatL Cancer Tn.st. 
31:953-975, 1963; Swarm et al., J NatL Cancer InsiL 33:657-672. 1964; Orkin et al., 
5 t F , Ryp. Med, 145:204-220, 1977). The tumors were usually maintained in the mice hind 
legs for 3-4 weeks usually attaining a growth of approximately 3-4 grams. In 
accordance with National Institute of Health (Bethesda, MD, USA) Animal Care and 
Use Guidelines, the animals were sacrificed by lethal injection of Nembutal (0.50ml of 
50mgAnl solution per mouse), before the tumor tissue reached an approximate weight 
10 of 4 grams. EHS tumor tissue was harvested firom the mice as previously described 
(Orkin et al., J Erp Med. 145:204-220, 1977). All extraction steps (described below) 
were carried out by agitation using a rotary shaker at 600 rpm (Model M65825, 
Bamstead/Thermolyne, Dubuque, lA). The tumor tissue (50 grams at a time) was 
routinely minced and extracted with 2.5 tissue volumes of 50 mM Tris-HCl (pH 7.5), 
15 3.4 M NaCl. containing a protease inhibitor cocktail including 10 mM EDTA, 10 mM 
NEM, 10 mM 6-aminohexanoic acid, 5.0 mM benzamidine-HCl, and ImM PMSF. 

The supematants were collected following centrifugation at 17,000Xg for 30 
minutes. This high salt extraction was repeated and the resulting pellet obtained was 
extracted with 2.5 tissue volumes of 4M guanidine-HCl, 0.5% (wAr) CHAPS, 50 mM 
20 Tris-HCl (pH 7.5) containing a protease inhibitor cocktail (as described above) for 3 
hours at 4''C. The supematants were again collected following centrifugation at 
17,000Xg for 30 minutes. Additional extractions of the remaining pellet were achieved 
using 1.5 tissue volumes with guanidine-HCl (as described above), first for 2 hours, and 
then overnight. The guanidine extracts were then pooled and apphed (80 mis at a time) 
25 to Sephacryl S-400 columns (4.8 X28 cm). Samples were then eluted using a urea buflFer 
containing 7M urea, 0.2M NaCl. 0-1% (w/v) CHAPS, 50 mM Tris-HCl (pH 8.0) 
containing protease inhibitors as described above. The void volume fractions (beUeved 
to contain perlecan) from the Sephacryl S-400 column were then pooled and 
supplemented with 0.5% Triton X-100 (v/v) and applied to a 50 ml DEAE-Sephacel 
30 column packed in a 60 ml plastic syringe equilibrated with urea bufTer. Contaminant 
proteins and non-PCs were removed by first washing the column with 3 column 
volumes of urea buffer containing 1% Triton X-100, followed by 3 column voltmies of 
urea buffer containing 0.25M NaCl and 1% Triton X-100, and then 3 column volumes 
of urea buffer containing 0.25 M NaCl without Triton X-100. Bound PCs were then 
35 eluted with 5 column volumes of urea buffer containing IM NaCl or 3M NaCl. The 3M 
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NaCl elutions were used to determine whether tightly bound PCs not eluted with IM 
NaCl stUl remained bound to the column. 

PGs obtained from the DEAE-Sephacel column were first loaded onto a 
Sephacryl S-500 column (2.6 X 60 cm) in order to try to separate the 220 kDa PG from 
5 perlecan (700-800 kDa). In a preliminary study, we found the Sephacryl S-500 column 
was not able to properly separate the 220 kDa PG from perlecan (both were found in 
the void volume fractions), due to the self-aggregating abiUty of the 220 kDa PG. Even 
the use of dissociating buffers including, a) 4M guanidine-HCl, 0.5% CHAPS, and 50 
mM Tris-HCl (pH 7.5), b) 7M urea, 0.2M NaCl, 1% SDS (w/v), and 50 mM Tris-HCl (pH 

10 8.0) and c)7M urea. 0.2M NaCl. 0. 1% CHAPS, and 50 mM Tris-HQ (pH 8.0), were not 
able to prevent the aggregation of the 220 kDa PG. Separation of the 220 kDa PG from 
perlecan was finally achieved using a Sephacryl S-1000 column (5 X 95 cm) imder 
associating conditions (IM urea bxiffer containing 50 mM Tris -HCl and protease 
inhibitors including 1.4 mM EDTA, 1.4 mM NEM, 1.4 mM 6-aminohexanoic acid, 0.7 

15 mM benzamidine, and 0.14 mM PMSF; pH 8.0). 

PGs eluted from DEAE-Sephacel were loaded (50 mis per run) onto the 
Sephacryl S-1000 column (as described above). PGs eluted from the Sephacryl S-1000 
column were monitored by SDSPAGE analysis in order to assess the purity of perlecan 
and other HSPGs produced. For this analysis, 100 ^il aliquots of each GO ml fraction 

20 was precipitated with 4 volumes of absolute ethanol by cooling on dry ice for 1 hour, 
and then centrifiiged on a microcentrifuge at 12,000Xg for 20 minutes, and run on 
SDS-PAGE as described below. Pooled fractions (from 5 separate runs) containing 
perlecan (K,^ = 0.29-0.54) were then concentrated on and eluted from a 15 ml 
DEAE-Sephacel column with 3M NaCl, and rechromatographed onto the Sephacryl 

25 S-1000 (as described above). Usually three passes through the Sephacryl S-1000 
column gave high quality perlecan preparations free from any other contaminating 
HSPGs (Le. 220 kDa PG) or other PGs. The perlecan fractions were pooled and 
concentrated onto a 10 ml DEAE-Sephacel column and ethanol precipitated (as 
described above). The resulting pellets were dissolved in 3-5 ml of double distilled water 

30 and extensively dialyzed against double distilled water untU the conductivity of the end 
product contained very little to no salt (2-3 >imhos) as measured using a digital 
conductivity meter. The final perlecan product was then freeze-dried and stored. The 
final purity of the perlecan preparations were further assessed by Alcian blue staining, 
Coomassie Blue staining, silver staining, and a series of Western blots (as described 

35 below). 

20 
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SDS-PAGE 

SDS-PAGE was performed according to the method of LaemmU Laemmli, 
Nature 227:680-685, 1970) using a Mini-Protean II electrophoreais system with precast 
4-15% polyacrylamide gels. In order to examine perlecan quality on SDS-PAGE 
5 following the Sephacryl S-1000 chromatography described above, pelleted fractions 
were redissolved in 20 ^l of IX reducing SDS sample buffer, heated for 5 minutes in a 
boiling water bath, and electrophorcsed at 200V for 45 minutes along with pre-stained 
molecular weight protein standards. All gel staining tod washing steps were carried 
out with mild agitation using a rotary shaker. 
10 Alcian Blue, Coomassie Blue and Silver Staining 

Aldan blue staining of SDS-PAGE gels was employed to detect PGs (Wall and 
Oyi Anal Binrhftm. 175:298-299, 1988) using a modified method (Castillo and Snow, 
unpublished observations). Following electrophoresis, gels were rinsed 3 times (for 20 
minutes each) with 50% methanol, 10% acetic acid (v/v) and then stained for 2 hours 
15 with 0.1% Alcian blue in 50% methanol and 10% acetic acid. For destaining. the gels 
were rinsed 6-10 times for 20 min each, with the same solution as described above, but 
without Alcian blue. Non-PG proteins were visualized by staining for 2 hours in the 
same solution (described above) containing 0.2% (wAv) Coomassie BriUiant Blue and 
destaining in a similar manner as in Alcian Blue staining protocol (described above). 
20 Some gels were also stained with silver to detect any contaminating proteins in 

our preparations, using the methods previously described (Oakley et al., AnaL 
Biorhem. 105:361-363, 1980), with shght modifications. Briefly, gels were washed for 
25 minutes in 50% methanol and 10% acetic acid (v/v). followed by three washes (10 
minutes each) in 10% ethanol and 5% acetic acid (vAr). and then two washes (10 
25 minutes each) with distiUed deionized (DD) water. Gels were then fixed for 20-40 
minutes with freshly made 1% (v/v) glutaraldehyde and 0.2 M sodium bicarbonate, and 
washed twice (10 minutes each) with DD water. The gels were then stained for 30 
minutes with fi^shly made 0.8% AgNO, (w/v), 0.07% NaOH- (w/v). 1.3% NH,OH (v/v) 
and 15% ethanol (v/v), rinsed three times (10 minutes each) with DD water, and 
30 developed using a solution containing 0.005% sodium citrate (w/v), 0.037 % 
formaldehyde (v/v), and 10% ethanol (v/v). The silver reaction was stopped by adding 
5% acetic acid (v/v). 

Digestion with Heparitinase/Heparinase and Nitrous Acid 

Prior to SDS-PAGE, some of the ethanol precipitated HSPGs were digested by 
35 incubation overnight at 4rC with 1.0 Unit each of heparinases I, II and III 
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(heparitinase) in 90^1 of digestion buffer consisting of 100 mM Tris-HCl, 2.5 mM 
calcixun acetate, 5.0 mM G-aminohexanoic acid, 2.5 mM benzamidine-HCl, 5.0 mM 
NEM, and 0.50 mM PMSF (pH 7.0). The next day, digested samples were precipitated 
by adding 3.5 volumes of 95% ethanol, L5% potassium acetate (w/v), cooled on dry ice 
5 for 1 hour and then centrifuged at 12,000 X g for 20 minutes. For Western blotting of 
perlecan core protein, the pellets were redissolved in 20^il of non-reducing SDS sample 
buffer (since reduction eliminates the antigenic sites recognized by anti-HK-102)(Kato 
et al., J CpH Biol. 106:2203-2210, 1988). 

In addition, prior to SDS-PAGE, some of the ethanol precipitated HSPG 
10 samples were digested with nitrous acid (1 jil/ 1 ^ig HSPG) using NaNO, in 1.8M acetic 
acid at a final concentration of 0.24 M (44). Following a 20 minute nitrous acid 
digestion at room temperature, 5 volumes of absolute ethanol was added to the reaction 
mixtures, vortexed and centriftiged at 14,000 X g for 20 minutes. The pellets were then 
dissolved in IX SDS-PAGE sample buffer for electrophoretic separation and detection 
15 of the Uberated perlecan core protein. Silver staining of heparitinase/heparinase and 
nitrous acid digested samples was then employed as described above. 
Analysis of Final Perlecan Preparations by Western Blotting 

SDS-PAGE was performed as described above and the separated proteins were 
transferred to nitrocellulose using a Mini transblot electrophoresis transfer cell. 
20 Electrotransfer was performed at lOOV for 2 hours. Following transfer, membranes 
were rinsed with water and blocked overnight with 0.15% (w/v) bovine serum albumin, 
1% (vAr) normal goat serum, 100 mM Tris-HCl. and 3niM NaNs(pH 7.4). NitroceUulose 
membranes probed with fibronectin antibody were blocked in the same solution 
described above without normal goat serum. Blots were probed with a monoclonal 
25 antibody (used at a 1:750 dilution) against perlecan core protein (HK-102), b) an 
afiBnity-purified polyclonal antibody (used at a 1:2000 dilution) against laminin, c) a 
polyclonal antibody (used at a 1:25,000 dilution) against fibronectin (AB1941) and d) 
a polyclonal antibody (used at a 1:25,000 dilution) against type IV collagen. The 
primary antibodies (described above) were diluted with Tris-buffered saline containing 
30 100 mM Tris-HCl, 50 mM NaCl, 0,05% Tween-20, and 3 mM NaNj (pH 7.4)(TrBS). 
Corresponding blots were incubated with primary antibodies for three hours, washed 
with TTBS three times (10 minutes each), followed by a 1 hour incubation with the 
appropriate biotinylated secondary antibodies diluted 1:1000 with TTBS. The 
membranes were then rinsed three times (10 minutes each) with TTBS, probed for 30 
35 minutes with avidin alkaline phosphatase conjugate (Vectastain), rinsed again (as 
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described above), followed by the addition of an silkaline phosphatase substrate 
solution (Vectastain). FoUowing color development, the reaction was stopped by 
flushing the membranes with DD water. 

Example 2 

5 Analysis at Each Step of the Perlecan Isolation Procedure 

In order to determine the effectiveness of our perlecan isolation protocol, the 
presence of perlecan. other PGa and non-PG proteins were monitored at each step of 
the isolation method (Figure 1). As shown in Figure 2 lane 1. the 4M guanidine-HCl 
extracts contained two major PCs which were detected by Alcian blue staining (blue 
10 bands). These included a high M, PC, beUeved to represent perlecan (at the interface 
of the resolving gel), and a 220 kDa PC, beUeved to represent the high density HSPG. 
previously reported (Fujiwara et al.. Fur J RinrhRm. 143:145-157. 1984; HasseU et al.. 
J Rinl rhem. 260:8098-8105. 1985). The guanidine-HCl extraction protocol recovered 
> 90% of GAGs as determined using an quantitative Alcian blue staining assay 
15 (Bjorson, An^l Rinrhftm. 2 10:282-29 1, 1993). 

In addition to the two major PGs (described above), the guanidine-HCl extracts 
contained many non-PG proteins as shown by Coomassie blue staining purple stained 
bands in Figure 2, lane 1). The guanidine extracts were then pooled and appUed to 
Sephacryl S-400 columns. Figure 2, lane 2, demonstrates the presence of the two major 
20 PGs (detected by Alcian blue) and non-PG proteins (detected by Coomassie blue) 
following elution from Sephacryl S-400 columns. Gel filtration chromatography using 
Sephacryl S-400 columns allowed for both bufTer exchange and removal of many (but 
not all) of the non-PG proteins (compare the Coomassie blue stained bands in Figure 
2, lane 2 to Figure 2. lane 1). The void volume fractions from the Sephacryl S-400 
25 columns were then pooled and supplemented with 0.5% Triton X- 100 (v/v) and appUed 
to a DEAE-Sephacel column equilibrated with lu-ea bufTer. 

Subsequent washing of the DEAE column with urea buffer containing Triton 
X-100 and 0.25M NaCl removed all of the unbound non-PG proteins, as no 
Coomassie-blue stained bands were apparent in the last portion of the 0.25M NaCl 
30 eluate (Figure 2, lane 3). The subsequent 1.0 M NaCl elution from the DEAE-Sephacel 
column removed the two major PGs present (i.e. beUeved to represent perlecan and the 
220 kDa PG) and demonstrated the absence of any non-PG proteins (by lack of positive 
Coomassie blue stained bands) (Figure 2. lane 4). Further elution with 3M NaCl 
demonstrated the absence of any residual PGs or non-PG proteins bound to the DEAE 
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column (Figure 2, lane 5) and indicated that the majority of PGs were removed from 
the DEAE coltmin using 1.0 M NaCl. 

In order to completely separate the 220 kDa PG component from perlecan 
(shown in Figure 2, lane 4) gel filtration chromatography using a Sephacryl S-500 was 
5 evaluated. It was expected that fractionation using a Sephacryl S-500 would separate 
perlecan (expected to elute in the void volvune) from the 220 kDa PG (expected to elute 
with a K,^ of " 0.45). However, under these conditions the 220 kDa PG apparently 
aggregated and eluted in the void volume, with perlecan eluted shortly thereafter (with 
a = 0,20). In order to achieve better sepauration between perlecan and the 220 kDa 

10 PG, a variety of different dissociating eluants were tried. These eluants included 4 M 
guanidine-HCl with 0.1% CHAPS, 7M urea with 0.1% CHAPS, and 7M urea with 1% 
SDS. Regardless of the eluants employed (as described above), the 220 kDa PG was 
always present in the void volume fractions and was present in most fractions 
containing perlecan. Separation of perlecan from the aggregating 220 kDa PG was 

15 achieved using a Sephacryl S-1000 column. As shown (Figure 2, lanes 6 and 7; and 
Figxire 3), this colimin was effective in separating perlecan bom the 220 kDa PG, which 
under these conditions still aggregated and was primarily foimd in the void volume 
fractions with a K,^ <0.33 (Figure 3). Perlecan was now effectively separated {torn the 
220 kDa PG and was primarily present in fractions with a K^= 0.20-0.70, with a major 

20 peak at = 0.40 (Figure 3). Perlecan could therefore be successfully isolated without 
contamination by the 220 kDa PG by poohng fractions with a K.^ = 0.37-0.54 (Fig. 2. 
lane 7 and Figure 3). The 220 kDa PG (with only sHght perlecan contamination) could 
also be isolated by poohng fractions with a = 0.0 - 0.37 (Figure 2, lane 6 and Figure 
3). Any lower molecular weight GAGs observed in the pooled perlecan fractions 

25 following a second pass through the Sephacryl S-1000 column (Fig. 2, lane 7; Fig. 3A) 
were subsequently removed following a third pass through the Sephacryl S-1000 
coliunn, yielding a pure perlecan product (see Figs. 4 and 5). 

Example 3 

Assessment of Purity of Final Perlecan Preparations by Silver and Alcian 
30 Blue Staining 

The purity of perlecan that was obtained in the final preparations were 
evaluated for quahty. For these analyses, a combination of silver staining, alcian blue 
staining and western blotting were employed (as described below) on aliquots of 
purified perlecan. In order to determine that no significant quantity of other proteins 
35 were present in our final perlecan preparations, silver staining of SDS-PAGE gels were 
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first xised. For these studies, 6.25 aliquots (determined by Lowry) of perlecan were 
separated on 4-12% gradient SDS-PAGE gels under reducing conditions and stained 
with silver (see Materials and Methods). As shown in Figure 4A. perlecan was observed 
at the resolving gel interface, with no other lower M^ bands present. This observation 
5 indicated that our final perlecan preparations did not contain any contaminating 
proteins with a M, < 700-800 kDa (detectable by silver staining). 

This same perlecan preparation was then stained with Alcian blue (Figure 4B) 
to determine possible contamination by other smaller PGs and/or firee GAG chains. As 
shown in Figure 4B, lane 1, Alcian blue staining of undigested perlecan demonstrated 
10 only one band (indicative of intact perlecan) at the 4-12% gradient SDS-PAGE gel 
interface. No other Alcian blue stained bands of lower M^ were observed indicating the 
absence of any other PGs and/or free GAG chains in our final perlecan preparations. 
To confuTu that the high M^ Alcian blue stained material (believed to represent 
perlecan)(Figure 4B, lane 1) contained heparan sulfate GAGs, digestion with 
15 heparinase/ heparitinase (specific for heparan sulfate and/or heparin GAGs) was also 
used. As shown in Figure 4B, lane 2, following digestion with heparitinase / heparinase 
a marked reduction in Alcian blue staining was observed (compare Fig. 4B, lane 2 to 
lane 1). This indicated that the putative perlecan band (shown in Fig. 4B, lane 1) 
contained heparan sulfate GAG chains. 
20 In order to demonstrate that the Alcian blue and silver stained bands observed 

at the resolving gel interface in Fig. 4A (lane 1) and 4B (lane 1) were in fact intact 
perlecan, and that no other proteins or contaminating PGs were present in the final 
perlecan preparations, heparitinase/heparinase and nitrous acid digested samples of 
the final perlecan product were also stained with silver (Fig. 5). As shown in Fig. 5, 
25 lane 1 (arrow) a discrete doublet characteristic of the perlecan core protein was 
observed at --400 kDa by silver staining following heparitinase/ heparinase digestion. 
Silver staining of only the heparitinase/ heparinase enzymes employed (in the absence 
of perlecan)(Fig. 5, lane 2) did not show the characteristic --400 kDa doublet observed 
in Fig. 5, lane 1. Nitrous acid digestion of the fmal perlecan product followed by silver 
30 staining also yielded similar results (Fig. 5, lane 3). A characteristic --400 kDa band 
indicative of the intact perlecan core protein was observed on silver staining following 
nitrous acid pretreatment (Fig. 5, lane 3).These studies indicated that no other protein 
or PG bands were present in the final perlecan preparations, even following Uberation 
of the perlecan core protein by heparitinase/heparinase or nitrous acid. 
35 Example 4 
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Assessment of Purity of Final Perlecan Preparations by Western Blotting 

In order to further demonstrate and confixm the presence of perlecan, and the 
absence of other basement membrane components produced by the EHS tumor (i.c. 
laminin, fibronectin and type IV collagen) in the final perlecan preparations. Western 
5 blotting with specific antibodies was employed. Figure 6, lane 1 is a Western blot of our 
final perlecan preparation following separation on a 4-12% gradient SDS-PAGE (under 
non-reducing conditions) probed with a monocloned antibody against perlecan core 
protein. As shown, perlecan immunoreactivity was apparent at the resolving gel 
interface, proving that the positive silver (Fig. 4A) and Alcian blue (Fig. 4B, lane 1) 

10 staining observed at the resolving gel interface previously, was in fact intact perlecan 
core protein. Following heparinase/ heparitinase digestion (Fig. 6, lane 2) the perlecan 
monoclonal antibody detected a doublet at 400 kDa and 360 kDa, characteristic and 
indicative of intact perlecan core protein (Hassell et al. J. BioL Chem, 260:8098-8105, 
1985; Ledbetter et al., Biochem. 26:988-995. 1987; Kato et al, J, Cell BioL 

15 106:2203-2210, 1988). 

The pxirity of the final perlecan preparations were further confirmed by Western 
blotting and probing with a series of antibodies directed against other basement 
membrane components known to be produced by the EHS tumor and known to bind 
to perlecan. As shown in Figiu-e 6, lane 3, although l^g of EHS laminin was strongly 

20 stained on Western blot when probed with an anti-laminin antibody (positive control 
for Figure 6, lane 4), no positive immunostaining for laminin was observed in 6.25 \ig 
of our final perlecan preparation (Figure 6, lane 4). Similarly, although Ifig of 
fibronectin stained strongly on Western blot when probed with an anti-Gbronectin 
antibody (Figure 6, lane 5), no positive immunostaining for fibronectin was observed 

25 in 6-25 ^g of our final perlecan preparation. Furthermore, although 1 of type IV 
collagen stained strongly on Western blot when probed with an anti-type IV collagen 
antibody (Figure 6, lane 7), no positive Immunostaining for type TV collagen was 
observed in 6.25 ^g of our final perlecan preparation (Figure 6. lane 8). These latter 
studies indicated that only perlecan, and no other basement membrane components 

30 produced by the EHS tumor, was present in the fmal perlecan preparations. 

Example 5 

Discussion Pertaining to Perlecan Isolation Methodology 

The present invention discloses methods for isolation of perlecan firom the EHS 
tumor. The protocol is unique in part in that the method does not require cesium 
35 chloride density gradient centrifugation, as has been previously specified by all 
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investigators (Fujiwara et al., Eur. J. Biochem. 143:145-157, 1984; Hassell et al, iL 
Pi pl Hhem. 260:8098-8105, 1985; Ledbetter et al., Rinchem. 26:988-995, 1987; 
Paulsson et al., J MoL BioL 197:297-313, 1987; Kato et al, J Cell BioL 106:2203-2210. 
1988). The perlecan product obtained by our protocol was of high quality and did not 
5 contain any contaminants produced by the EHS tumor, including other basement 
membrane components (Le. laminin. fibronectin, and type IV collagen)(assessed by 
silver staining and Western blotting with specific antibodies) and/or fi-ee GAG chains 
(assessed by Alcian blue staining). The presence of contaminating basement membrane 
proteins (especially laminin) in perlecan preparations has posed a major problem in the 

10 past, and it is essential that the perlecan used for in vitro and/or in vivo studies be 
thoroughly analyzed for components which can potentially interact with perlecan 
during the isolation procedure. In the present invention, a detailed perlecan isolation 
procedure employed for consistent production of high quaUty perlecan is described. In 
addition, the quahty control steps employed to ensure the production of an essentially 

15 clean perlecan product are disclosed. 

Comparison to Known Perlecan Isolation Methods 

Isolation of perlecan has been previously described by several investigators 
(Fujiwara et al., Elir. >T Biochem. 143:145-157, 1984; Hassell et al, J, Biftl, Cheni. 
260:8098-8105, 1985; Ledbetter et al., Riorhem. 26:988-995, 1987; Paulsson et al., JL 

20 Mol. BioL 197:297-313, 1987; Kato et al, J CM Biol. 106:2203-2210, 1988). In one 
previous study (Hassell et al, J. Biol. Chem. 260:8098-8105, 1985). perlecan was 
isolated from EHS tumor initially using nondenaturing conditions (extraction with 
buffered saline), followed by denaturing conditions (extraction with urea). The urea 
extracts were then processed utilizing DEAE-Sephacel chromatography, followed by 

25 ultracentrifugation, dialysis, gel filtration chromatography (Sepharose CL-4B), 
exhaustive dialysis and lyophilization. One of the problems noted by the authors in the 
above procedure (Hassell et al, J Biol. Chem, 260:8098-8105, 1985) was the 
contaminating presence of laminin and other proteins, believed to be inherently bound 
to perlecan by disulfide-dependent association, which could only be removed by 

30 disulfide bond reduction (using dithiothreitol) followed by ion exchange 
chromatography. In another study, increased purity was achieved when the protocol 
was modified by pre-extracting the tumor tissue with 3.4 M NaCl before extraction 
with 6M urea (Ledbetter et al.. Biochem. 26:988-995, 1987). However, this latter 
method resulted in occasional partial degradation of the large 400 kDa perlecan core 

35 protein (Paulsson et al., J M^l Biol. 197:297-313, 1987). 
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Extraction of EHS tumor with chaotrophic agents such as 4M guanidine-HCl 
allowed for rapid and efficient extraction of PGs (Hassell et al., Proc, NatL Acad> ScL 
77:4494-4498, 1980: Kato et al., J, Biol Chem. 262:7180-7188, 1987; Kate et al, J, Cell 
RioL 106:2203-2210, 1988) and is the preferred extraction protocol for the invention, 

5 although others may be made to serve as well. The denaturing conditions and the use 
of protease inhibitors in the extraction solution protect the integrity of the large 
perlecan core protein (see Fig. 2, lane 1), which is susceptible to proteolysis (Paulsson 
et al., >T Mnl Biol. 197:297-313. 1987). It is calculated that >90% of GAGs (as 
determined by an Alcianblue assay) (Bjomson, Anal. Biochem. 210:282-291, 1993) 

10 were extracted from EHS tumor tissue using 4M guanidine-HCl containing 0.5% 
CHAPS and protease inhibitors (not shown). 

However, in addition to the presence of PGs, the guanidine extracts contained 
large amounts of non-PG proteins which may potentially interfere with subsequent 
ion-exchange chromatography. Gel filtration chromatography using a Sephacryl S-400 

15 column allowed for both buffer exchange (7M urea with detergent and protease 
inhibitors) and the removal of a large number of small molecular weight proteins 
(compare Fig. 2, lane 2 to lane 1) which could not be accomplished by a much longer 
dialysis process, contrary to what has been previously suggested (Kato et al., J . BioL 
£2lfim. 262:7180-7188, 1987; HasseU et al, J Biol Chem. 260:8098-8105, 1985). The 

20 guanidine-HCl extract bom 50 grams of EHS tumor f 400 ml) was exchanged into 7M 
ureabufier (described above) in less than one day, requiring less than 3 liters of buffer. 
Yield of Perlecan 

The final yield of perlecan using the method of the invention was approximately 
10-12.5 per gram of EHS tumor wet weight, as measured by protein determination 

25 (HasseU et al., Pmr Mat! Acad. ScL 77:4494-4498, 1980). Although clonal differences 
in EHS tumor may result in variations in GAG chain length (Paulsson et al., J , MoL 
BioL 197:297-313, 1987), a protein to GAG ratio of approximately lilin our purified 
perlecan product was calculated (not shown). This is simUar to GAG:protein ratios of 
the low density HSPG (i-e. perlecan) previously described by Fujiwara et al (EllL-JL 

30 Hinrhem. 143:145-157, 1984). AdditionaUy, the total GAG content present in the EHS 
tumor tissue determined by using an Alcian blue assay (Bjomson, Anal . Biochem . 
210:282-291, 1993), was approximately 0.90 mg of GAGs per gram wet weight of EHS 
tumor (not shown). This is greater than the 0.75 mg of GAGs per gram wet weight of 
EHS tumor previously reported by Fujiwara et al (EuLjeL EiochfilZL 143:145-157, 1984). 

35 Following S-1000 fractionation, only 20% (150-180Mg per gram tumor wet weight) of 
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the calculated GAG content was found to be attributed by perlecan. consistent with the 
study by Dziadck et al rKMRO J 4:905-912. 1985). whereas most of the remaining 
GAG content was present in the 220 kDa PG (not shown). Based on these 
determinations, the final perlecan yield using the described protocol from starting EHS 
5 tumor tissue was approximately 10%. Two hundred grams of EHS tumor consistently 

yields approximately 3-4 mg of perlecan. 

I^.Tamnle 6 

Identification of an Aggregating -220 kDa PG Which Can Be Separated From 
Perlecan 

10 EarUer studies have demonstrated two major PGs to be produced by the EHS 

tumor (Fujiwara et al.. F,w tT, Bionhem. 143:145-157. 1984; Dziadek et al.. EMBQJ 
4:905-912. 1985 ; Kato et al.. .T Rinl Chf^m. 262:7180-7188. 1987; HasscU et al. i 
Binl rhpin. 260:8098-8105. 1985; Ledbetter et al.. Piochem. 26:988-995. 1987). Based 
on cesium chloride density gradient centrifugation they were designated as a high 
15 density HSPG ^1.65 g/ml) and a low density HSPG (1.38 g/ml)(Kato et al.. J^iioL 
nhpm. 262:7180-7188. 1987; HasseU et al. 1^3\qI Chem. 260:8098-8105. 1985; 
Ledbetter et al.. Biochem. 26:988-995. 1987). The low density HSPG was later found 
to be analogous to perlecan. whereas the high density HSPG had an electrophoretic 
mobility of 200400 kDa (Fujiwara et al., EutJ. BiQchfim. 143:145-157. 1984). and was 
20 postulated to represent either a breakdown product of the low density HSPG (i.e. 
perlecan)(Ha3seU et al. ,T Riol- Chem. 260:8098-8105. 1985; Ledbetter et al.. ExQChBHU 
26:988-995. 1987). or an independent PG derived from a separate gene product (Kato 
et al.. .T Riol Them. 262:7180-7188. 1987; Paulsson et al.. tf Mol . B i o l. 197:297-313. 
1987). Although these latter possibilities have not been fully resolved, the high density 
25 HSPG previously identified by cesium chloride centrifugation is most likely identical 
to the 220 kDa PG described herein. This 220 kDa PG. like the known high density 
HSPG (Kato et al.. J R^nl Them. 262:7180-7188. 1987; HasseU et al, J , Biol . Chem . 
260:8098-8105. 1985; Ledbetter et al., EiochfiHL 26:988-995, 1987). was found to be the 
major PG extractable by saline and contained heparan sulfate GAG chains as 
30 demonstrated by degradation with heparinase/ heparitinase digestion (not shown). 

One of the unique discoveries of the present invention is that under certain 
chromatographic conditions, the 220 kDa PG self-aggregates, which enables it to be 
separated from perlecan (which itself did not aggregate under similar conditions). 
These differences in aggregating properties allowed us to develop a novel method to 
35 purify perlecan without contamination by the 220 kDa PG. using Sephacryl S- 1000 
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chromatography. The self*aggregating property of the 220 kDa PG appeared not to 
involve any other proteins as determined by analysis of SDS-PAGE gels by silver 
staining (not shown). The 220 kDa PG eluted from the Sephacryl S-IOOO in the void 
volume (see Fig. 3) indicating that this PG formed large aggregates of » 100,000 kDa, 
which occurred even under dissociating conditions. 

Example 7 

Further Improved Protocol for Periecan Isolation from EHS Tumor 

Figure 7 describes an alternate protocol used for periecan isolation from the 
EHS tumor, which contains two additional steps which both further improve periecan 
yield and reduce the nvunber of passes required for Sephacryl S-1000 chromatography. 

The first improvement to the method disclosed in detail in Examples 1 * 4, is the 
use of a Sulphopropyl Sepharose (SP) column, a cationic exchange column which is also 
effective in removing any contaminating proteins which may interact with periecan 
during the isolation procedure. For this step, the void volume fractions (beUeved to 
contain periecan) from the Sephacryl S-400 column are pooled and supplemented with 
0.5% Triton X-100 (v/v) and appUed to a 50 ml Sulphopropyl Sepharose (SP) column 
(Pharmacia) packed in a 60 ml plastic S3nringe. The eluates are then appUed to the 50 
ml DEAE^Sephacel column and follow the corresponding procedure as detailed in 
Examples 1-4. It is an aspect of the invention that cationic exchange colimms (i'.e. 
anionic resins) such as DEAE-Sephacel can be employed to clean up PG extracts by 
removing unwanted proteins or macromolecules which associate with the PGs in vivo 
and/or during the isolation procedure. 

A second improvement to the method disclosed in Examples 1 - 4 is the use of 
a heparin-Sepharose column which is also effective in removing possible contaminating 
laminin, fibronectin, and/or type IV collagen, all of which interact with periecan during 
the isolation procedure. For this step, PGs eluted from DEAE-Sephacel are 
precipitated with 4 volumes of methanol containing 2.5% (w/v) sodium acetate by 
cooling on dry ice for 1 hour and then centrifuging at 17,000Xg for 20 minutes. The 
pellet is redissolved in 50 ml of IM urea buffer (containing 50 mM Tris-HCl and 
protease inhibitors including 1.4 mM EDTA, 1.4 mM NEM, 1.4 mM G-aminohexanoic 
acid, 0.7mM benzamidine, and 0.14 mM PMSF; pH 8.0) and loaded onto the Sephacryl 
S-1000 column (as described in Examples 1 - 4). The eluate containing periecan (K.^ = 
0.29-0.54) is redirected through an 8 ml heparin-Seph arose column (Pharmacia) before 
going to the fraction collector. The fractions were then monitored by SDS-PAGE 
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analysis in order to access the purity of the perlecan and other heparan sulfate PGs 
which may be present. 

For this latter analysis, 100 >il aliquots of each of 60 ml fractions were 
precipitated with 4 volumes of absolute ethanol containing 2.5% (w/v) sodium acetate 

5 by cooling on dry ice for 1 hour, centrifuged on a microcentrifuge at I2.000Xg for 20 
minutes, and run on SDS-PAGE. Fractions containing high quaUty perlecan free from 
any other contaminating HSPGs (Le. 220 kDa PG) or other PGs were pooled and 
precipitated as above. Fractions containing perlecan with other contaminants were also 
precipitated and passed through a smaller Sephacryl S- 1000 colimin (2.6 X 60 cm) for 

10 a second time (as described above). The resulting pellets containing "clean" perlecan 
were dissolved in 3-5 ml of double distilled water and extensively dialyzed against 
double distilled water until the conductivity of the end product contained very litde to 
no salt (2-3 ^mhos) as measured using a digital conductivity meter. The final perlecan 
product was then freeze-dried and stored. The final pinrity of the perlecan preparations 

15 were further assessed by Alcian blue staining, Coomassie blue staining, silver staining, 
and a series of Western blots (as described in sections 4.2.2-4.2.5). 

Columns containing immobilized GAGs (such as heparin Sepharose) in an 
affini ty type column chromatography can also be advantageously used to "clean" up PG 
preparations. For example, a Sepharose column containing immobilized chondroitin 

20 sulfate may be used for the isolation of chondroitin sulfate containing PGs firom tissues 
and/or cell culture. Using this methodology, chondroitin sulfate binding proteins or 
macromolecules will bind to the chondroitin sulfate column when passed through, 
allowing for "cleaner" preparations of the resulting chondroitin sulfate PGs/GAGs 
which follow through the column. These columns containing immobilized GAGs may 

25 also be advantageously used in large scale for isolation of different types and/or classes 
of PGs/GAGs for commercial utilities. 

Using these two modifications as described above, 200 grams of EHS timior wet 
weight has a perlecan yield in the range of 4-5 mg (as compared to 3-4 mg using the 
protocol described in Examples 1 - 4). In addition, only 2 passes through the Sephacryl 

30 S-1000 column (instead of three) are required to obtain "clean" perlecan. 

Example 8 

Use of the Perlecan Product in a Rat Infusion Model 

The clean perlecan and HSPG products obtained firom the methodology 
described in the present invention can then be advantageously used to produce a 
35 significantly more consistent and more reliable animal model with which to study 
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fibrillar amyloid, and in particular AC amyloid, deposition/persistence in brain than has 
previously been possible with less pure product. These improved animal models can 
also be used to screen and identify new therapeutic agents which target fibrillar AD 
deposition, accumulation, and/or persistence. As an example to demonstrate the utility 
5 of dean perlecan the following study was implemented. 

For rat animal model studies. AJ3 (residues 1-40: lot #WM365; Bachem 
California Inc.. Torrance, CA) was initially dissolved in double distilled sterile water 
at a concentration of I mg/ml (stock solution). 50 jil of AB stock solutions were then 
transferred with sterile pipettes to microcentrifuge tubes containing either 50 »il of 
ID sterile distilled water, or 25 ng of pirlecan recently dissolved in 50 fil of distilled sterile 
water. The AB (1-40). and Afi (1-40) + perlecan solutions were then either frozen at 
-70°C or used immediately in the animal model (described below). 

20 male Harlan Sprague-Dawley rats (250-300 g; 3 months old) were 
anesthetized with pentobarbital (50 mg/kg) and a 27 gauge stainless steel cannula was 
15 stereotactically implanted into the hippocampus using bregma as reference point (AP 
-4.8; ML 3.5; DV 3.0) and secured to the skuU by machine screws and dental acryUc. 
The cannula was connected via a 15 cm coU of vinyl tubing to a model 2002 osmoUc 
minipump (Alzet Inc.) placed subcutaneously beneath the shoulder blades. The infused 
solution was contained entirely within the coil of vinyl tubing and separated from 
20 water in the pump (dyed blue with food coloring) by a 3 cm air spacer. Successful 
performance of the pumps was confirmed by measuring movement of the air spacer and 
blue saline solution foUowing sacrifice. In the present study to demonstrate the effects 
of isolated EHS perlecan in this animal model. 10 animals received infusion of either 
AB (1-40) only, or AB (1-40) Perlecan. directly into hippocampus at a flow rate of 0.5 
25 iiVhi for 1 week. A high concentration of AB was chosen to maximize possible effects 
foUowing infusion into brain. The quantity of AB peptide infused into brain by the end 
of 1 week in each animal was approximately 50 ^g. 

Rats were sacrificed by an overdose of pentobarbital and perfused with 100 ml 
of saline followed by 150 ml of 4% paraformaldehyde buffered with phosphate (pH 7.4). 
30 the brains were removed and postfixed for 48 hr. and transferred to PBS for frozen 
tissue sectioning. Consecutive 25 ^m serial sections were cut using a sUding microtome 
and placed on gelatin-coated slides. 

As we previously described (Snow et al.. Neuron 12:219-234. 1994). detection 
of infused AB was monitored using a polyclonal antibody against synthetic AO or a 
35 monoclonal antibody (6E10; Senetek) which recognizes residues 1-17 of AB. Perlecan 
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accumulation was monitored using a polyclonal antibody against the core protein of 
perlecan. From each animal, 100 consecutive serial sections were cut and stained with 
cresyl violet to identily the area occupied by the infusion site. Usually, the infusion site 
spanned 40-60 serial sections. Congo red staining (Puchtler et al., J . H i atOChem . 

5 flytorhem. 10:355-364. 1962) and Thioflavin S Huorescence (Elghetany and Saleem. 
f ^tam Tech. 63:201-212. 1988) were then used on every 10th section spanning through 
the entire infusion site to determine the extent and consistency of possible fibrillar Afl 
amyloid deposition in these animals. The percent of animals containing congophilic 
deposits Cmdicative of fibrillar amyloi<0 in each of the two groups was assessed by blind 

10 scoring of tissue sections (scoring of every 10th congo red stained sections through the 
entire infiision site) using an arbitrary scale of scoring (from 0 to 5) as previously 
described (Snow et al.. Neuron 12:219-234, 1994). Tissue sections with the anti-AB 
antibodies were pretreated for 3-5 minutes with 88% formic acid before 
immunostaining to aid in unmasking hidden antigenic sites as previously reported 

15 (Kitamoto et al., T.ah Invest. 57:230-236, 1987). For immunostaining, negative controls 
consisted of using TBS instead of the primary antibody and/or preabsorption 
experiments using the primary antibody in the presence of excess antigen (Snow et al., 
Am J Path. 137:1253-1270. 1990). 

Results of AC Only versus Afl Perlecan Infusion into Rodent Brain 
20 High quality "dean" perlecan is beheved to be essential to establish a consistent 

and reproducible animal model to study the effects of fibrillar Afl amyloid deposits in 
rodent brain. Following a 1 week-infusion of Afl (1-40) alone, or AO (1-40) + clean 
perlecan into rodent hippocampus, it was evident that differences between the two 
groups existed in the extent and percent of animals with Afl fibrillar amyloid deposits. 
25 100% (10 of 10) of animals infused with Afl (1-40) + clean perlecan for 1 week 
demonstrated Congo red and Thioflavin S-positive deposits (indicative of amyloid) at 
the infusion site (Fig. 8). In comparison only 60% (6 of 10) of animals infused with AC 
(1-40) alone demonstrated Congo red or Thioflavin S-positive deposits at the infusion 
site. The Congo red (not shown) and Thioflavin S (Fig. 8B) positive deposits in the AB 
30 + perlecan group corresponded on adjacent serial sections to precisely those areas 
containing both Afl (Fig. 83) and perlecan (not shown), as previously demonstrated 
(Snow et al.. Neuron 12:219-234. 1994). This in vivo study therefore demonstrated that 
consistent fibrillar AB deposition and persistence could be obtained with the use of a 
high quality perlecan product (in the presence of Afl 1-40). 
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Our studies utilizing this animal model suggest that the final purity of the 
perlecan preparation is essential, if not critical, for continued reUability of fibrillar Afl 
amyloid deposition and persistence in brain. Contaminating proteins such as laminin, 
fibronectin and type IV coUagen. which are produced by the EHS tumor and which 

5 normally associate with perlecan can cause vmexpected variability in the animal model 
(Snow. Cummings and Castillo, unpublished observations). Other investigators who 
attempt to repUcate these findings with the described rodent model must ensure that 
the perlecan used is of the highest quality and "firee" of contaminating proteins, as 
described in the present invention. Even the presence of firee GAG chains (».«. heparan 

10 sulfate) in perlecan preparations will compete with perlecan for binding sites on AB and 
will disrupt the consistency of this animal model (Snow and Castillo, unpublished 
observations). 

Further Aspects and Utilizations of the Invention 

One aspect of the present invention is to provide methods for the consistent 

15 production of "clean" and "non-contaminated" perlecan for use in a number of different 
and relevant in vitro and m vivo biological assays as described herein. 
Improved Methodologies to Isolate Substantially "Pure" Proteoglycans 

In our methodology a cationic exchange column (i.c anionic resin) was used and 
found effective in removing any contaminating proteins which may interact with 

20 perlecan during the isolation procedure. For our protocol, we used a 50 ml Sulphopropyl 
Sepharose (SP) column (Pharmacia) packed in a 60 ml plastic syringe. Cationic 
exchange columns may be employed to clean up any PC extracts by removing 
unwanted proteins or macromolecules which associate with the PCs in vivo and/or 
during the isolation procedure. Such strong cationic-exchange resins can be purchased 

25 from Pharmacia Biotech (USA) and include columns containing: 1) Mini S (minibeads). 
2) Mono S (monobeads). 3) Source 158 (prepacked columns), 4) Source 30S Oab packs), 
5) SP Sepharose High Performance, and 6) SP Sepharose Fast Flow. Other anionic 
resins obtained firom other companies may also be useful. 

Another improvement to our isolation methodology was the use of a 

30 heparin-Sepharose column which was effective in removing possible contaminating 
laminin. fibronectin. and/or type IV collagen, all of which interact with perlecan during 
the isolation procedure. For this step in the isolation protocol, the eluate containing 
perlecan (K., = 0.29-0.54) was re-directed through an 8 ml heparin-Sepharose column 
(Pharmacia) before going to the fraction collector. Columns containing immobilized 
35 GAGs (such as heparin Sepharose) can be also used to "clean" up other types of PG 
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preparations. For example, a Sepharose column containing immobilized chondroitin 
sulfate may be useful for the isolation of chondroitin sulfate containing PGs firom 
tissues and/or cell culture. Using this methodology, chondroitin sulfate binding proteins 
or macromolecules, will bind to the chondroitin sulfate column when passed through, 

5 allowing for "deanei^ preparations of the chondroitin sulfate PGs/GAGs which will flow 
through the column. Similarly, Sepharose columns containing immobilized dermatan 
sulfate, keratan sulfate, or heparan sulfate may also be used to aid in the isolation of 
dermatan sulfate PGs. keratan sulfate PGs and heparan sulfate PGs, respectively. 
These and other immobilized-GAG colimins may also be used in large scale for isolation 

10 of different types and/or classes of PGs/GAGs for commercial utilities. 
Antibodies 

One aspect of the present invention is to use perlecan or the --220 kDa HSPG 
obtained by the described isolation protocols described herein, to produce new 
polyclonal and/or monoclonal antibodies. Antibodies generated against "clean" perlecan 

15 or the --220 kDa HSPG, isolated as described herein, can be obtained by direct injection 
into an animal or by administering to an animal, preferably a nonhuman. 

The term "antibody'' is meant to include polyclonal antibodies, monoclonal 
antibodies, chimeric antibodies, anti-idiotypic antibodies to antibodies specific for 
perlecan or the -220 kDa HSPG of the present invention. 

20 Polyclonal antibodies are heterogeneous populations of antibody molecules 

derived firom the sera of animals immunized with an antigen. 

A monoclonal antibody contains a substantially homogeneous population of 
antibodies specific to antigens, which population contains substantially similar epitope 
binding sites. For preparation of monoclonal antibodies, any technique which provides 

25 antibodies produced by continuous cell line cultures can be used. Examples include the 
hybridoma technique (Kohler and Milstein, Nature 256:495-497, 1975), the trioma 
technique, the htmian B-cell hybridoma technique (Kozbor et al, Imnmnology Today 
4:72, 1983), and the EBV-hybridoma technique to produce human monoclonal 
antibodies (Cole et al, in Monoclonal Antibodies and Cancer TheraPY, Alan R. Liss. 

30 Inc., pp,77-96, 1985). Such antibodies may be of any immunoglobulin class including 
IgG. IgM, IgE, IgA, GILD and any subclass thereof. 

Chimeric antibodies are molecules different portions of which are derived from 
difierent animal species, such as those having variable region derived from a murine 
monoclonal antibody and a human immunoglobulin constant region, which are 

35 primarily used to reduce immunogenicity in application and to increase yields in 
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production. Chimeric antibodies and methods for their production are known in the art 
(ex. CabiUy et al, Pmr Natl. Arad. Sri, U S A 81:3273-3277, 1984; Harlow and Lane: 
/Vntihodies! A T.ahnratorv Manual. Cold Spring Harbor Laboratory 1988). 

An anti-idiotypic antibody is an antibody which recognizes unique determinants 

5 generally associated with the antigen-binding site of an antibody. An anti-tdiotypic 
antibody can be prepared by immunizing an animal of the same species and genetic 
type (e.g., mouse strain) as the source of the monoclonal antibody with the monoclonal 
antibody to which an anti-idiotypic antibody is being prepared. The immunized animal 
will recognize and respond to the idiotypic determinants of the immunizing antibody 

10 by producing an antibody to these idiotypic determinants (the anti-idiotypic antibody). 
See, for example, U.S. Patent No. 4.699,880, which is herein incorporated by reference. 

The term "antibody" is also meant to include both intact molecules as well as 
fragments thereof, such as, for example, Fab and F(ab')2. which are capable of binding 
antigen. Fab and F(Bb\ fragments lack the Fc fragment of intact antibody, clear more 

15 rapidly from the circulation, and may have less non-specific tissue binding than an 
intact antibody (Wahl et al, J. Nucl. Med. 24:316-325, 1983). 

The antibodies or fragments of antibodies, useful in the present invention may 
be used to quantitatively or qualitatively detect perlecan, perlecan-derived fragments 
or the -220 kDa HSPG (and its fragments) in a sample or to detect presence of cells 

20 which express perlecan or the -220 kDa HSPG. This can be accompUshed by 
immunofluorescence techniques emplojdng a fluorescently labeled antibody coupled 
with hght microscopic, flow cytometric or fluorometric detection. 

One of the ways in which a perlecan, perlecan-fragment or -220 kDa HSPG 
antibody can be detectably labeled is by linking the same to an enzjone and use in an 

25 enzyme immunoassay (EIA). This enzyme, in turn, when later exposed to an 
appropriate substrate, will react with the substrate in such a manner as to produce a 
chemical moiety which can be detected, for example, by spectrophotometric, 
fluorometric, or by visual means. Enzymes which can be used detectably label the 
antibody include, but are not limited to, malate dehydrogenase, staphylococcal 

30 nuclease, delta-5-steroid isomerase, yeast alcohol dehydrogenase, 
alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, horseradish 
peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, 
ribonuclease, urease, catalase, glucose -6 -phosphate dehydrogenase, glucoamylase and 
acetylcholinesterase. The detection can be accomplished by colometric methods which 

35 employ a chromogenic substrate for the enzyme. Detection can be accomplished by 
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colometric methods which employ a chromogenic substrate for the enzyme. Detection 
can also be accompbshed by visual comparison of the extent of enzymatic reaction of 
a substrate with similarly prepared standards (see Harlow and Lane, Antibodifta; A 
I ^ phnratorv Manual. Cold Spring Harbor Laboratory 1988; Ausubel et al, eds., Current 
5 frnfrnrola in M^^^*^^^^^^' Biology. Wiley Interscience. N,Y, 1987, 1992). 

Detection maybe accomplished using any of a variety of other immunoassays. 
For example, by radiolabeling of the antibodies or antibody fragments, it is possible to 
detect R-PTPase through the use of a radioimmunoassay (RIA). A good description of 
RIA may be found in Laboratory Tftchninu fi« and Biochemistry in Molecular Biology, 
10 by Work et al. North Holland PubUshing Company. NY (1978) with particular reference 
to the chapter entitled ''An Introduction to Radioimmune Assay and Related 
Techniques" by Chard, incorporated entirely by reference herein. The radioactive 
isotope can be detected by such means as the use of a gamma-counter, a scintillation 
counter or by autoradiography. 
15 It is also possible to label perlecan, perlecan fragments , the -220 kDa HSPG, 

or -220 kDa HSPG-fragmcnts described herein, with a fluorescent compound. When 
the fluorescently labeled antibody is exposed to Ught of the proper wave length, its 
presence can then be detected due to fluorescence. Among the most commonly used 
fluorescent labeling compounds are fluorescein isothiocyanate, rhodamine, 
20 phycoerythrin, phycocyanin, allophycocyanin, o-phthaldehyde and fluorescamine, 
commercially available, e.g., from M9lecular Probes, Inc. (Eugene, Oregon, U.S.A.), 

The antibody can also be detectably labeled using fluorescence emitting metals 
such as *"EU, or other of the lanthanide series. These metals can be attached to the 
antibody using such metal groups as diethylenetriamine pentaacetic acid (EDTA). 
25 The antibody can also be detectably labeled by coupling it to a 

chemiluminescent compound. The presence of the chemiluminescent-tagged antibody 
is then determined by detecting the presence of luminescence that arises during the 
course of a chemical reaction. Examples of particularly useful chemiluminescent 
labeUng compounds are luminol, isoluminol, theromatic acridinium ester, imidazole, 
30 acridinium salt, and oxalate ester. 

Likewise, a bioluminescent compound may be used to label the antibody of the 
present invention. Bioluminescence is a type of chemiluminescence foimd in biological 
systems in which a catalytic protein increases the efficiency of the chemiliuninescent 
reaction. The presence of a bioluminescent protein is determined by detecting the 
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presence of liiminescence. Important bioluminescent compounds for purposes of 
labeling are luciferin^ luciferase and aequorin. 

The antibodies (or fragments thereoO useful in the present invention may be 
employed histologically, as in immimofluorescence or immunoelectron microscopy, for 
5 in situ detection of perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG fragments, of the present invention. In situ detection may be accomplished by 
removing a histological specimen from a patient, and providing the labeled antibody 
of the present invention to such a specimen. The antibody (or fragment) is preferably 
provided by applying or by overlaying the labeled antibody (or fragment) to a biological 
10 sample. Through the use of such a procedure, it is possible to determine not only the 
presence of perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG 
fragments, but also its distribution on the examined tissue. Using the present 
invention, those of ordinary skill will readily perceive that any of a wide variety of 
histological methods (such as staining procedures) can be modified in order to achieve 
15 such in situ detection. 

In accordance with yet a further aspect of the present invention there are 
provided antibodies against perlecan. perlecan fragments, the -220 kDa HSPG or a 
-220 kDa HSPG-fragments, These antibodies can be used for a number of important 
diagnostic and/or therapeutic applications as described herein. In one aspect of the 
20 invention, polyclonal and/or monoclonal antibodies made against perlecan, perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG fragments may be used for 
Western blot analysis (using standard Western blotting techniques knowledgeable to 
those skilled in the art) to detect the presence of amyloid protein-binding perlecan 
fragments or amyloid protein-binding -220 kDa HSPGs in human tissues and in 
25 tissues of other species. Western blot analysis can also be used to determine the 
apparent size of each amyloid protein-binding perlecan or amyloid protein -binding -220 
kDa HSPG fragments. In addition. Western blotting following by scanning 
densitometry (known to those skilled in the art) can be used to quantitate and compare 
levels of each of the perlecan or -220 kDa HSPG fragments in tissue samples, 
30 biological fluids or biopsies obtained from individuals with specific diseases (such as the 
amyloid diseases) in comparison to tissue samples, biological fluids or biopsies obtained 
from normal individuals or controls. Biological fluids, include, but are not limited to, 
blood, plasma, serum, cerebrospinal fluid, sputum, saliva, urine and stool. 

In yet another aspect of the invention, polyclonal and/or monoclonal antibodies 
35 made against perlecan. perlecan fragments, the -220 kDa HSPG or --220 kDa 
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HSPG-fragments can be used for immunoprecipitation studies (using standard 
immunoprecipitation techniques known to one skilled in the art) to detect perlecan, 
perlecan fragments, the --220 kDa HSPG or --220 kDa HSPG-fragments which bind Afi 
or other amyloid proteins, in tissues, cells and/or biological fluids. Use of the perlecan, 
5 perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragment antibodies for 
~^ immunoprecipitation studies can also be quantitated to determine relative levels of 
perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments 
which interact with AJB or other amyloid proteins, in tissues, cells and/or biological 
fluids. Quantitative immunoprecipitation can be used to compare levels of perlecan, 

10 perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in tissue 
samples, biological fluids or biopsies obtained fi^m individuals with specific diseases 
(such as the amyloid diseases) in comparison to tissue samples, biological fluids or 
biopsies obtained from normal individuals or controls. 
Diagnostic Applications 

15 Use of Perlecan, -220 kDa HSPG and/or Antibodies 

Another aspect of the invention is to provide polyclonal and/or monoclonal 
antibodies to perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments which would be used to specifically detect perlecan, perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in human tissues 

20 and/or biological fluids. In one preferred embodiment, polyclonal or monoclonal 
antibodies made against clean perlecan. perlecan frag^nents, the —220 kDa HSPG or 
-220 kDa HSPG-fragments, can be used to detect and quantify perlecan. perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in human tissues 
and/or biological fluids. For detection of perlecan. perlecan fragments, the -220 kDa 

25 HSPG or -220 kDa HSPG-fragments in human tissues, cells, and/or in cell culture, the 
polyclonal and/or monoclonal antibodies can be used using standard 
immunohistochemical and immunocytochemical techniques, knowledgeable to one 
skilled in the art. 

For detection and quantitation of perlecan, perlecan fragments, the -220 kDa 
30 HSPG or -220 kDa HSPG-fragments in biological fluids, including plasma, serum, 
urine, cerebrospinal fluid, sputum, and/or stool, various types of ELISA assays can be 
used, knowledgeable to one skilled in the art. In a preferred embodiment, a sandwich 
tjrpe of ELISA can be used. Using this preferred method a pilot study is first 
implemented to determine the quantity of binding of a clean perlecan. perlecan 
35 fragment, -220 kDa HSPG or -220 kDa HSPG-fragment monoclonal antibody to 
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microtiter wells. Once this is determined, aliquots (usually in 40 ^l of TBS; pH 7.4) of 
the antibody are allowed to bind overnight to microtiter wells (Maxisorb C plate fipom 
Nunc) at 4°C. A series of blank wells not containing any primary perlecan» perlecan 
fragment, -220 kDa HSPG or -220 kDa HSPG-fragment specific monoclonal antibody 
5 are also used as controls. The next day, non-bo\md monoclonal antibody is shaken off 
the microtiter wells. All of the microtiter wells (including the blank wells) are then 
blocked by incubating for 2 hours with 300 ^1 of Tris-buffered saline containing 0.05% 
Tween-20 (TTBS) plus 2% bovine serum albumin, followed by 5 rinses with TTBS. 200 
^l of plasma, serum, iirine, cerebrospinal fluid, sputum, and/or stool and/or any other 
10 type of biological sample is then diluted (to be determined empiricaDy) in TTBS 
containing 2% bovine serum albumin and placed in wells (in triplicate) containing 
bound perlecan, perlecan fragment, -220 kDa HSPG or -220 kDa HSPG-fragment 
antibody (or blank) and incubated for 2 hours at room temperature. The wells are then 
washed 5 times with TTBS. A second biotinylated-polyclonal antibody against perlecan, 
15 perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments is then added 
to each well (usually in 40 >il of TBS; pH 7.4) and allowed to bind for 2 hours at room 
temperature to any perlecan, perlecan fragments, -220 kDa HSPG or -220 kDa 
HSPG-fragments captured by the first antibody. Following incubation, the wells are 
washed 5 times with TTBS. Bound materials are then detected by incubating with 100 
20 }d of peroxidase-avidin complex (1:250 dilution in TTBS with 0.1% BSA) for 1 hour on 
a rotary shaker. After 5 washes with TTBS, a substrate solution (100 jtl, OPD-Sigma 
Fast from Sigma Chemical Co., St. Louis, MO, USA) is added and allowed to develop 
significant color (usually 8-10 minutes). The reaction is stopped with 50 jil of 4N 
sulfuric acid and read on a standard spectrophotometer at 490 nm. This ELISA can be 
25 used to determine difierences in perlecan, perlecan fragments, the -'220 kDa HSPG or 
-220 kDa HSPG-fragments levels in biological fluids which can serve as diagnostic 
markers to follow the progression on a live patient during the progression of disease 
(i.e. monitoring of amyloid disease as an example). In addition, quantitative changes 
in perlecan, perlecan fragment, -220 kDa HSPG or -220 kDa HSPG-fragments levels 
30 can also serve as prognostic indicators monitoring how a live patient will respond to 
treatment which targets a given amyloid disease. 

A competition assay may also be employed wherein antibodies specific to clean 
perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are 
attached to a solid support and labeled perlecan, perlecan fragments, the -220 kDa 
35 HSPG or -220 kDa HSPG-fragments and a sample derived from a host are passed over 
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the solid support and the amount of label detected attached to the solid support can be 
correlated to the quantity of perlecan. perlecan fragments, the -220 kDa HSPG or 
-220 kDa HSPG-fragments in the sample, all as otherwise is known to those skilled 
in the art. 

5 Another object of the present invention is to use clean perlecan or fragments 

thereof, in conjunction with perlecan specific antibodies, in an ELISA assay to detect 
potential perlecan autoantibodies in human biological fluids. In a preferred 
embodiment, perlecan will be used to initially bind to microtiter wells in an ELISA 
plate. A pilot study is first implemented to determine the quantity of binding of 

10 perlecan to microtiter wells. Once this is determined. aUquots (usually l-2ng in 40 J 
of TBS; pH 7.4) of perlecan or fragments thereof are allowed to bind overnight to 
microtiter wells (Maxisoib C plate from Nunc) at 4"'C- All the microtiter wells (including 
blank wells without perlecan) are blocked by incubating for 2 hours with 300 nl of 
Tris-bufFered saline (pH 7.4) with 0.05% Tween-20 (TTBS). containing 2% albumin. 

15 This is followed by 5 rinses with TTBS. The patient's biological fluids (ie, plasma, 
serum, cerebrospinal fluid, sputum, urine, and/or stool) are then used and 200 ^1 are 
dUuted (to be determined empirically) with TTBS containing 2% bovine serum albumin, 
and placed in microtiter wells (in triplicate) contaLoing perlecan or blank wells (which 
do not contain perlecan). and are incubated at 1.5 hours at room temperatiu^. Any 

20 autoantibodies present in the biological fluids against perlecan will bind to the 
substrate bound perlecan (or fragments thereoO- The wells are then rinsed by washing 
5 times with TTBS. 100 fil of biotinylated polyclonal goat anti-human IgGs (Sigma 
Chemical company. St. Louis. MO. USA), diluted 1:500 in TTBS with 0.1% bovine 
serum albumin, is then aliquoted into each well. Bound materials are detected by 

25 incubating with 100 nl of peioxidase-avidin complex (1:250 dilution in TTBS with 0. 1% 
bovine serum albumin) for 1 hour on a rotary shaker. Following 5 washes with TTBS, 
substrate solution (100 jil, OPD-Sigma Fast from Sigma Chemical Company. St. Loiiis, 
MO, USA) is added and allowed to develop significant color (usually 8-10 minutes). The 
reaction is stopped with 50 nl of 4N sulfuric acid added to each well and read on a 

30 standard spectrophotometer at 490 nm. This assay system can be used to not only 
detect the presence of autoantibodies against perlecan in biological fluids, but also to 
monitor the progression of disease by following elevation or diminution of perlecan 
autoantibody levels. It is beheved that patients demonstrating excessive perlecan 
formation, deposition, accumulation and/or persistence as observed in the amyloid 

35 diseases, will also carry autoantibodies against perlecan in their biological fluids. 
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Various ELISA assay systems, knowledgeable to those skilled in the art, can be \ised 
to accurately monitor the degree of perlecan in biological fluids as a potential diagnostic 
indicator and prognostic marker for patients during the progression of disease (i.c- 
monitoring of an amyloid disease for example). In addition, quantitative changes in 
5 perlecan autoantibody levels can also serve as a prognostic indicator monitoring how 
a bve patient will respond to treatment which targets a given amyloid disease. 

Other diagnostic methods utilizing the invention include diagnostic assays for 
measuring altered levels of perlecan, perlecan fragments, the --220 kDa HSPG or --220 
kDa HSPG-fragments in various tissues compared to normal control tissue samples. 
10 Assays used to detect levels of perlecan, perlecan fragments, the --220 kDa HSPG or 
-220 kDa HSPG-fragments in a sample derived from a host are otherwise well-known 
to those skilled in the art and included radioimmunoassays, competitive-binding 
assays. Western blot analysis and preferably ELISA assays (as described above). 

Yet another aspect of the present invention is to use the antibodies recognizing 
15 perlecan, perlecan fragments, the --220 kDa HSPG or --220 kDa HSPG-fragments for 
labelings, for example, with a radionucleotide, for radioimaging or radioguided surgery, 
for in vivo diagnosis, and/or for in vitro diagnosis. In one preferred embodiment, 
radiolabeled antibodies made (by one skilled in the art) against perlecan, perlecan 
fragments, the --220 kDa HSPG or --220 kDa HSPG-fragments may be used as 
20 minimally invasive techniques to locate perlecan, perlecan fragments, the -220 kDa 
HSPG or -220 kDa HSPG-fragments and concurrent amyloid deposits in a living 
patient. These same imaging techniques could then be used at regular intervals (Le. 
every 6 months) to monitor the progression of the amyloid disease by following the 
specific levels of perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
25 HSPG-fragments. 

Therapeutic Applications 

Use of Perlecan, -220 kDa HSPG and/or Antibodies 

Yet another aspect of the present invention is to make use of clean perlecan, 
perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments thereof. The 

30 perlecan, perlecan fragmente. -220 kDa HSPG or -220 kDa HSPG-fragments thereof 
can be used as potential blocking therapeutics for the interaction of perlecan, perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in a number of 
biological processes and diseases (such as in the amyloid diseases described above). In 
a preferred embodiment, perlecan, perlecan fragments, the -220 kDa HSPG or -220 

35 kDa HSPG-fragments thereof may be used to block the interaction of perlecan, 
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perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments with a given 
target (i.c- amyloid deposits). Inhibition by clean perlecan, perlecan fragments, the 
-220 kDa HSPG or -220 kDa HSPG-fragments may alleviate the continued amyloid 
formation, deposition, accumulation and/or persistence observed in a given patient. 
5 Likewise, in another preferred embodiment antibodies made against perlecan, perlecan 
fragments, the --220 kDa HSPG or -220 kDa HSPG-fragments thereof (as described 
above) may be given to a human patient as potential blocking antibodies to disrupt 
continued amyloid formation, deposition, accumidation and/or persistence in the given 
patient. 

10 Preparations of dean perlecan, perlecan fragments, the -220 kDa HSPG or 

--220 kDa HSPG-fragments for parenteral administration include sterile aqueous or 
non-aqueous solutions, suspensions, and emulsions, which may contain axillary agents 
or excipients which are known in the art. Pharmaceutical compositions such as tablets, 
pills, tablets, caplets, soft and hard gelatin capsules, lozenges, sachets, cachets, 

15 vegicaps, liquid drops, ehxers, suspensions, emulsions, solutions, syrups, tea bags, 
aerosols (as a solid or in a liquid medium), suppositories, sterile injectable solutions, 
sterile packaged powders, can be prepared according to routine methods and are known 
in the art. 

In yet another aspect of the invention, clean perlecan, perlecan fragments, the 

20 -220 kDa HSPG or -220 kDa HSPG-fragments may be used as an effective therapy 
to block amyloid formation, deposition, accumulation and/or persistence as observed 
in the amyloid diseases. For example, the invention includes a pharmaceutical 
composition for use in the treatment of amyloidoses comprising a pharmaceutically 
effective amotmt of a dean perlecan, perlecan fragment. -220 kDa HSPG or -220 kDa 

25 HSPG-fitigment anti-idiotypic antibody and a phannaceutically acceptable carrier. The 
compositions may contain the perlecan, perlecan fragment, -220 kDa HSPG or -220 
kDa HSPG-fragment anti-idiotypic antibody, either unmodified, conjugated to a 
potentially therapeutic compound, conjugated to a second protein or protein portion or 
in a recombinant form (Le. chimeric or bispeciGc perlecan, perlecan fragment, -220 kDa 

30 HSPG or -220 kDa HSPG-fragment antibody). The compositions may additionally 
indude other antibodies or conjugates. The antibody compositions of the invention can 
be administered using conventional modes of administration including, but not limited 
to, topical, intravenous, intra- arterial, intraperitoneal, oral, intralymphatic, 
intramuscular or intralumbar. Intravenous administration is preferred. The 

35 compositions of the invention can be a variety of dosage forms, with the preferred form 
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depending upon the mode of administxation and the therapeutic application. Optimal 
dosage and modes of administration for an individual patient can readily be 
determined by conventional protocols* 

Perlecan, perlecan fragments, the --220 kDa HSPG or --220 kDa 
5 HSPG-fragments, or antibodies of the present invention may be administered by any 
means that achieve their intended purpose, for example, to treat perlecan or -220 kDa 
HSPG involved pathologies, such as Alzheimer's disease and other amyloid diseases, 
or other related pathologies, using a perlecan-derived or -220 kDa HSPG-derived 
fragments as described herein, in the form of a pharmaceutical composition. 

10 For example, administration of such a composition may be by various parenteral 

routes such as subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal, 
intranasal, transdermal or buccal routes. Alternatively, or concurrently, administration 
may be by the oral route. Parenteral administration can be by bolus injection or by 
gradual perfusion over time. 

15 A preferred mode of using a perlecan, perlecan fragment, -220 kDa HSPG or 

-220 kDa HSPG-fragment, or antibody pharmaceutical composition of the present 
invention is by oral administration or intravenous application. 

A typical regimen for preventing, suppressing or treating perlecan-involved 
pathologies, such as Alzheimer's disease amyloidosis, comprises administration of an 

20 effective amount of clean perlecan. perlecan fragment, -220 kPa HSPG or -220 kDa 
HSPG-fragment-derived polypeptides, administered over a period of one or several 
days, up to and including between one week and about 24 months. 

It is understood that the dosage of the clean perlecan, perlecan fragment, -220 
kDa HSPG or -220 kDa HSPG-fragment of the present invention administered in vivo 

25 or in vitm will be dependent upon the age, sex, health, and weight of the recipient, kind 
of concurrent treatment, if any, frequency of treatment, and the nature of the effect 
desired. The most preferred dosage will be tailored to the individual subject, as is 
understood and determinable by one of skill in the art, without undue experimentation. 
The total dose required for each treatment may be administered by multiple 

30 doses or in a single dose. A clean perlecan, perlecan fragment, -220 kDa HSPG or -220 
kDa HSPG-fragment may be administered alone or in conjunction with other 
therapeutics directed to perlecan or -220 kDa HSPG-involved pathologies, such as 
Alzheimer's disease or amyloid diseases, as described herein. 

Effective amounts of a clean perlecan, perlecan fragment, -220 kDa HSPG or 

35 -220 kDa HSPG-fragment or composition, which may also include a perlecan, perlecan 
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fragmeiit,'-220 kDa HSPG or -220 kDa HSPG-fragment derived antibody, are about 
O.Ol^g to about lOOmg/kg body weight, and preferably from about 10 >ig to about 50 
mg/kgbody weight, such as 0.05, 0.07, 0.09, 0.1, 0.5, 0.7, O.9., 1, 2, 5, 10, 20, 25, 30. 
40, 45. 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 mg/kg. 
5 Preparations for parenteral administration include sterile aqueous or 

non-aqueous solutions, suspensions, and emulsions, which may contain axiUary agents 
or excipients which are known in the art. Pharmaceutical compositions comprising at 
least one perlecan, perlecan fragment, -220 kDa HSPG or -220 kDa HSPG-fragment, 
such as 1-10 or 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 perlecan, perlecan fragments, -220 kDa 

10 HSPG or -220 kDa HSPG-fragmenta. of the present invention may include all 
compositions wherein the perlecan, perlecan fragments,'-220 kDa HSPG or -220 kDa 
HSPG-fragments is contained in an amount effective to achieve its intended purpose. 
In addition to at least one clean perlecan, perlecan fragment, -220 kDa HSPG or --220 
kDa HSPG-fragments, a pharmaceutical composition may contain suitable 

15 pharmaceutically acceptable carriers, such as excipients. carriers and/or axillaries 
which facilitate processing of the active compounds into preparations which can be used 
pharmaceutically. 

Pharmaceutical compositions comprising at least one clean perlecan, perlecan 
fragment, —220 kDa HSPG or -220 kDa HSPG-fragment or antibody may also include 

20 suitable solutions for administration intravenously, subcutaneousiy, derm ally, orally, 
mucosally, rectally or may by injection or orally, and contain from about 0.01 to 99 
percent, preferably about 20 to 75 percent of active component (i.e. polypeptide or 
antibody) together with the excipient. Pharmaceutical compositions for oral 
administration include pills, tablets, caplets, soft and hard gelatin capsules, lozenges, 

25 sachets, cachets, vegicaps, liquid drops, elixers, suspensions, emulsions, solutions, and 
syrups. 

The clean perlecan, perlecan fragment, -220 kDa HSPG or -220 kDa 
HSPG-fragment for Alzheimer's disease and other central nervous system amyloidoses 
may be optimized to cross the blood-brain barrier. Methods of introductions include but 

30 are not limited to systemic administration, parenteral administration, Le. via an 
intraperitoneal, intravenous, perioral, subcutaneous, intramuscular, intraarterial, 
intradermal, intramuscular, intranasal, epidural and oral routes. In a preferred 
embodiment, perlecan, perlecan fragments, the --220 kDa HSPG or -220 kDa 
HSPG-fragments may be directly administered to the cerebrospinal fluid by 

35 intraventricular injection. In a specific embodiment, it may be desirable to administer 
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perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments 
locally to the area or tissue in need of treatment; this may be achieved by, for example, 
and not by way of limitation, local infusion during surgery, topical apphcation, by 
injection, by infusion using a cannulae with osmotic pump, by means of a catheter, by 
5 means of a suppository, or by means of an implant. 

In yet another embodiment, clean perlecan, perlecan fragments, the -220 kDa 
HSPG or -220 kDa HSPG-fragments may be delivered in a controlled release system, 
such as an osmotic pump. In yet another embodiment, a controlled release system can 
be placed in proximity to the therapeutic target, ie. the brain, thus requiring only a 
10 fraction of the systemic dose. 

In yet another aspect of the present invention, peptidoraimetic compounds 
modeled from clean perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments identified as binding AB or other amyloid proteins, may serve as 
potent inhibitors of amyloid formation, deposition, accumulation and/or persistence in 
15 Alzheimer's disease and other amyloidoses. Peptidomimetic modeling is implemented 
by standard procedures known to those skilled in the art. 

Recombinant DNA technology, including himian gene therapy, has direct 
applicabUity to perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments, of this invention. One skilled in the art can take peptide sequences 
20 from these molecules and create corresponding nucleotide sequences that code for the 
corresponding peptide sequences. These sequences can be cloned into vectors such as 
retroviral vectors, and the like. These vectors can, in turn, be transfected into human 
cells such as hepatocytes or fibroblasts, and the like. Such transfected cells can be 
introduced into humans to treat amyloid diseases. Alternatively, the genes can be 
25 introduced into the patients directly. The basic techniques of recombinant DNA 
technology are known to those of ordinary skill in the art and are disclosed in 
Rj^mmhinant DNA Second Edition, Watson, et al., W.H. Freeman and Company, New 
York, 1992, which is hereby incorporated by reference. 

In yet another aspect of the present invention is to use anti-idiotypic antibodies 
30 to perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments 
as potent inhibitors of amyloid formation, deposition, accumulation and/or persistence 
in Alzheimer's disease and other amyloidoses. Production of anti-idiotypic antibodies 
is implemented by standard procedures knowledgeable to those skilled in the art. 
Use of the Perlecan Product for Production of New Animal Models 
35 Infusion Models for Alzheimer's Disease and Down's Syndrome Amyloidosis 
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The production of "dean" perlecan or the --220 kDa HSPG product as described 
in the present invention can also be used to produce new animal models of the 
amyloidoses. For example, as a new model of Alzheimer's disease amyloidosis, perlecan, 
perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments can be 
5 continuously infused in combination with beta-amyloid protein (AS) into the 
hippocampus of groups of rats or mice (as described in detail in section 7.1.1 and 7.1.2. 
In a preferred embodiment perlecan, perlecan fragments, the -220 kDa HSPG or --220 
kDa HSPG-fragments (25 iig) is dissolved in water in a microcentrifuge tube containing 
50 MB AO (1-40) or (1-42). Using the described methods of Snow et al (Neuron 

10 12:219-234, 1994) herewith incorporated by reference, perlecan, perlecan fragments, 
the '-220 kDa HSPG or -220 kDa HSPG-fragments plus AB is continuously infused for 
1 week into hippocampus (via stereotaxic sxirgeries knowledgeable by one skilled in the 
art) of groups (usually 10) of 3 month old Sprague-Dawley rats. Following the 1 week 
infusion the animals are sacrificed and the brains are removed as described in Snow 

15 et al f^Jeuron 12:219-234, 1994), and 6-8 jim serial sections spanning through the 
entire infusion site are cut finom paraffin embedded blocks or from frozen sections. The 
extent of amyloid deposition per animal is then detected by Congo red staining (as 
viewed under polarized light) or Thioflavin S fluorescence and quantitated in a blind 
study using an arbitrary scoring method as described by Snow et al (Neuron 

20 12:219-234, 1994). The use of perlecan, perlecan fragments, the -220 kDa HSPG or 
-220 kDa HSPG-fragments in this model can be used as a rapid model of fibrillar AJ3 
amyloid deposition, accumulation and persistence in vivo. In addition, this model may 
be used to rapidly screen potential therapeutics targeting fibrillar AB amyloid 
formation, deposition, accumulation and/or persistence. In a preferred embodiment, 

25 perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus 
AC plus therapeutic compound is directly infused into the hippocampus (as described 
above) of a group of animals and comparisons are made to a group of animals infused 
with only perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments plus AJ3. Compounds or drugs found to reduce amyloid formation, 

30 deposition, accumulation and/or persistence (as determined by (^ngo red or Thioflavin 
S scoring) in vivo are then identified as having potential therapeutic value. 

In another preferred embodiment, the potentially therapeutic compound can be 
tested to reduce amyloid persistence over prolonged periods of time. In this model, 
groups of animals (usually 10 animals per group) are infused with perlecan, perlecan 

35 fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus A13 plus 
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therapeutic compound and directly compared to groups of animals (usuaUy 10 animals 
per group) infused with perlecan, perlecan fragments, the '--220 kDa HSPG or --220 
kDa HSPG-fragments plus AB. Following a 1 week infusion (as described above), the 
canntdae are removed with the animals under anesthesia, and the an i maLs are then 

5 allowed to recover until sacrifice 1, 3, 6 or 12 months later. Serial sections are cut and 
amyloid is scored as described above. It is beheved that persistent amyloid deposits can 
be observed in animals infused with perlecan, perlecan fragments, the -220 kDa HSPG 
or -220 kDa HSPG-fragments plus Afl. Potent therapeutic compounds will be those 
that eflFectively reduce the amount of amyloid observed in comparison to those animals 

10 not given the therapeutic compoimd. These compounds can therefore be referred to as 
compoimds which effectively reduce amyloid persistence in vivo. 

In yet another preferred embodiment, potentially therapeutic compounds can 
be tested for reducing or eliminating pre-formed amyloid deposits. In this model, two 
groups of animals (usually 10 animals per group) are infused with perlecan, perlecan 

15 fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus AJ3. Following a 
1 week infusion (as described above), the cannulae and osmotic pumps are changed 
(with the animals under anesthesia), and a new cannulae connected by vinyl tubing to 
a new osmotic pump, contains either vehicle only (t.e. double distilled water) or the 
potential therapeutic compound. Following a 1 week continuous infusion of either the 

20 vehicle or the potential therapeutic compound of interest, the animals are sacrificed. 
Serial sections are then cut through the entire infusion site and the extent of amyloid 
is measured by arbitrary blind scoring as described above. Potent therapeutic 
compounds will be those that are able to effectively remove pre-formed amyloid 
deposits. It is anticipated that little to no reduction in the amount of amyloid will be 

25 observed in the group of animals infused with vehicle only. These compounds can 
therefore be referred to as therapeutic compounds which effectively reduce pre-formed 
amyloid deposits in vivo. 
New Animal Models of AA Amyloidosis 

The consistent and reliable production of "clean" perlecan or the -220 kDa 

30 HSPG as described in the present invention can also be used to produce a new animal 
model of AA amyloidosis. For example, perlecan. perlecan fragments, the -220 kDa 
HSPG or -220 kDa HSPG-fragments can be continuously infused into systemic organs 
{i.e. kidney, Uver, spleen, lung or heart) or injected daily into the tail veins of rats or 
mice, in combination with AA amyloid protein. In a preferred embodiment perlecan, 

35 perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are dissolved 
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in water in a microcentrifuge tube containing AA amyloid protein. Using the described 
methods of Snow et al HsJ^uron 12:219-234, 1994), perlecan, perlecan fragments, the 
-220 kDa HSPG or -220 kDa HSPG-fragments plus AA amyloid is continuously 
infused for 1 week into a systemic organ of choice (via stereotaxic surgeries 
5 knowledgeable by one skilled in the art) of groups (usuaDy 10) of adult rats or mice^ 
Alternatively, AA amyloid protein + /- perlecan. perlecan fragments, the --220 kDa 
HSPG or -220 kDa HSPG-fragments are injected daily into the tail veins of a group 
of rats or mice. Following the 1 week experimental period, the animals are sacrificed 
and the systemic organs are removed, and 6-8 jim serial sections are cut from paraffin 
10 embedded blocks or from frozen sections containing the tissues of interest. The extent 
of amyloid deposition in each tissue per animal is then detected by Congo red staining 
(as viewed under polarized light) or ThioQavin S Quorescence and quantitated in a 
blind study using an arbitrary scoring method as described by Snow et al (Heuron 
12:219-234, 1994). The use of perlecan, perlecan fragments, the --220 kDa HSPG or 
15 -220 kDa HSPG-fragments in this model can be used as a rapid model of fibrillar AA 
amyloid deposition, accumulation and persistence in vivo. In addition, this model may 
be used to rapidly screen potential therapeutics targeting AA amyloid formation, 
deposition, accumulation and/or persistence. In a preferred embodiment, perlecan, 
perlecan fragments, the --220 kDa HSPG or -220 kDa HSPG-fragments plus AA 
20 amyloid plus therapeutic compound is directly infused or injected (as described above) 
into a group of animals and comparisons are made to a group of animals infused or 
injected with only perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments plus AB. Compounds or drugs found to reduce amyloid formation, 
deposition, accumulation and/or persistence (as determined by Congo red or Thioflavin 
25 S scoring) in vivo are then identified as having potential therapeutic value. 
New Animal Models of AL Amyloidosis 

The consistent and reUable production of "clean" perlecan or the -220 kDa 
HSPG as described in the present invention can also be used to produce a new animal 
model of AL amyloidosis. For example, perlecan, perlecan fragments, the -220 kDa 
30 HSPG or -220 kDa HSPG-fragments can be continuously infused into systemic organs 
{Le. kidney, liver, spleen, lung or heart) or injected daily into the taU veins of rats or 
mice, in combination with AL amyloid protein. In a preferred embodiment perlecan, 
perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are dissolved 
in water in a microcentrifuge tube containing AL amyloid protein. Using the described 
35 methods of Snow et al HMfturon 12:219-234, 1994), perlecan, perlecan fragments, the 
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-220 kDa HSPG or -220 kDa HSPG-fragments plus AL amyloid is continuously 
infused for 1 week into a systemic organ of choice (via stereotaxic surgeries 
knowledgeable by one skilled in the art) of groups (usually 10) of adult rats or mice. 
Alternatively, AL amyloid protein + A perlecan, perlecan fragments, the ~220 kDa 

5 HSPG or --220 kDa HSPG-fragments are injected daily into the tail veins of a group 
of rats or mice. Following the I week experimental period, the animals are sacrificed 
and the systemic organs are removed, and 6-8 \im serial sections are cut from parafiKn 
embedded blocks or from frozen sections containing the tissues of interest. The extent 
of amyloid deposition in each tissue per animal is then detected by Congo red staining 

10 (as viewed under polarized light) or Thioflavin S fluorescence and quantitated in a 
blind study using an arbitrary scoring method as described by Snow et al (Nemon 
12:219-234, 1994). The use of perlecan, perlecan fragments, the --220 kDa HSPG or 
-220 kDa HSPG-fragments in this model can be used as a rapid model of fibrillar AL 
amyloid deposition, accumulation and persistence in vivo. In addition, this model may 

15 be used to rapidly screen potential therapeutics targeting AL amyloid formation, 
deposition, accumulation and/or persistence. In a preferred embodiment, perlecan, 
perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus AL 
amyloid plus therapeutic compound are directly infiised or injected (as described above) 
into a group of animals and comparisons are made to a group of animals 

20 infused or injected with only perlecan, perlecan fragments, the -220 kDa HSPG or 
-220 kDa HSPG-fragments plus AL amyloid. Compoimds or drugs foimd to reduce 
amyloid formation, deposition, accumulation and/or persistence (as determined by 
Congo red or Thioflavin S scoring) in vivo are then identified as having potential 
therapeutic value. 

25 New Animal Models of Transthyretin/Prealbumin Amyloidosis 

The consistent and reliable production of "clean" perlecan or the -220 kDa 
HSPG as described in the present invention can also be used to produce a new animal 
model of transthyretin/prealbumin amyloidosis. For example, perlecan, perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments can be continuously 

30 infused or injected daily into the sciatic nerve, dorsal root ganglion or autonomic 
ganglion of rats or mice, in combination with various normal or mutated transthyretin/ 
prealbumin proteins. In a preferred embodiment perlecan, perlecan fragments, the 
-220 kDa HSPG or -220 kDa HSPG-fragments are dissolved in water in a 
microcentrifuge tube containing of normal or mutated transthyretin/ prealbumin 

35 proteins. Using the described methods of Snow et al (Neuron 12:219-234, 1994). the 
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perlecan, perlecan fragments, the --220 kDa HSPG or -220 kDa HSPG-fragmenta plus 
normal or mutated transth5rretui/ prealbumin amyloid are continuously infused for 1 
week into sciatic nerve, dorsal root ganglion or autonomic ganglion (via stereotaxic 
surgeries knowledgeable by one skilled in the art) of groups (usually 10) of adult rats 
5 or mice. Alternatively, normal or mutated transthyretin/ prealbumin + /• perlecan, 
perlecan fragments, the --220 kDa HSPG or --220 kDa HSPG-fragments are injected 
daily into sciaLtic nerve, dorsal root ganglion or autonomic ganglion of a group of rats 
or mice. Following the 1 week experimental period, the animals are sacrificed and the 
pertinent tissues are removed, and 6-8 |im serial sections are cut from paraffin 

10 embedded blocks or from frozen sections containing the tissues of interest. The extent 
of amyloid deposition in each tissue per animal is then detected by Congo red staining 
(as viewed under polarized Ught) or Thioflavin S fluorescence and quantitated in a 
blind study using an arbitrary scoring method as described by Snow et al (Neuron 
12:219-234, 1994). The use of perlecan. perlecan fragments, the -220 kDa HSPG or 

15 -220 kDa HSPG-fragments in this model can be used as a rapid model of fibrillar 
transthyretin/ prealbimiin amyloid deposition, accumulation and persistence in vivo. 
In addition, this model may be used to rapidly screen potential therapeutics targeting 
transthyretin/ prealbumin amyloid formation, deposition, accumulation and/or 
persistence. In a preferred embodiment, perlecan, perlecan fragments, the -220 kDa 

20 HSPG or -220 kDa HSPG-fragments plus normal or mutated transthyretin/ 
prealbumin plus therapeutic compound are directly infused or injected (as described 
above) into a group of animals and comparisons arc made to a group of animals infused 
or injected with only perlecan. perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments plus normal or mutated transthyretin/ prealbumin. Compounds or 

25 drugs found to reduce amyloid formation, deposition, accumulation and/or persistence 
(as determined by Congo red or ThioQavin S scoring) in vivo are then identified as 
having potential therapeutic value. 

New Animal Models of Bcta^-Microglobulin Amyloidosis 

The consistent and reliable production of "clean" perlecan or the --220 kDa 

30 HSPG as described in the present invention can also be used to produce a new animal 
model of beta^-microglobulin amyloidosis. For example, perlecan, perlecan fragments, 
the -220 kDa HSPG or -220 kDa HSPG-fragments can be continuously infused into 
the bloodstream (for example, through external jugular vein to superior vena cava) or 
injected daily into the tendon or hind leg (adjacent to the medial nerve) of rats or mice, 

35 in combination with betaa-microglobtdin. In a preferred embodiment perlecan, perlecan 
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fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are dissolved in water 
in a m icrocentrifu ge tube containing betaj-microglobulin. Using the described methods 
of Snow et al (Heuron 12:219-234, 1994), the perlecan. perlecan fragments, the -220 
kDa HSPG or -220 kDa HSPG-fragments plus betaa-microglobulin are continuously 
5 infused for 1 week into the bloodstream (via stereotaxic surgeries knowledgeable by 
one skilled in the art) of groups (usually 10) of adult rats or mice. Alternatively, 
betaa-microglobulin + /- perlecan, perlecan fragments, the -220 kDa HSPG or -220 
kDa HSPG-fragments are injected daily into the tendon or hind leg of a group of rats 
or mice. Following the 1 week experimental period, the animals are sacrificed and the 
10 pertinent tissues are removed, and 6-8 jim serial sections are cut from paraffin 
embedded blocks or from frozen sections containing the tissues of interest. The extent 
of amyloid deposition in each tissue per animal is then detected by Congo red staining 
(as viewed under polarized Ught) or Thioflavin S fluorescence and quantitated in a 
blind study using an arbitrary scoring method as described by Snow et al ( Nevuro n 
15 12:219-234, 1994), The use of perlecan, perlecan fragments, the -220 kDa HSPG or 
-220 kDa HSPG-fragments in this model can be used as a rapid model of 
beta^-microglobuhn amyloid deposition, accumulation and persistence in vivo. In 
addition, this model may be used to rapidly screen potential therapeutics targeting 
beta,-microglobulin amyloid formation, deposition, accumulation and/or persistence. 
20 In a preferred embodiment, perlecan, perlecan fragments, the --220 kDa HSPG or --220 
kDa HSPG-fragments plus beta^-microglobulin plus therapeutic compoimd is directly 
infused or injected (as described above) into a group of animals and comparisons are 
made to a group of animals infused or injected with only perlecan, perlecan fragments, 
the -220 kDa HSPG or -220 kDa HSPG-fragments plus betaj-microglobulin. 
25 Compounds or drugs found to reduce amyloid formation, deposition, accimiulation 
and/or persistence (as determined by Congo red or Thioflavin S scoring) in vivo are 
then identified as having potential therapeutic value. 

New Animal Models of Amylin (Islet Amyloid Polypeptide) Amyloidosis 

The consistent and reUable production of "clean" perlecan or the --220 kDa 

30 HSPG as described in the present invention can also be used to produce a new animal 
model of amylin (islet amyloid polypeptide) amyloidosis. For example, perlecan, 
perlecan fragments, the --220 kDa HSPG or -220 kDa HSPG-fragments can be 
continuously infused or daily injected into the pancreas or bloodstream of rats or mice, 
in combination with human amylin. In a preferred embodiment perlecan, perlecan 

35 fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are dissolved in water 
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in a microcentrifuge tube containing amyUn. Using the described methods of Snow et 
al <>Xfturon 12:219-234. 1994). perlecan. perlecan fragments, the -220 kDa HSPG or 
-220 kDa HSPG-fragments plus amylin are continuously infused or daily injected for 
1 week into the pancreas or bloodstream (via stereotaxic surgeries knowledgeable by 

5 one skilled in the art) of groups (usually 10) of adult rats or mice. Following the I 
week experimental period, the animals are sacrificed and the pancreas is removed, and 
6-8 nm serial sections are cut from paraffin embedded blocks or from frozen sections 
containing the pancreas. The extent of amyloid deposition in the pancreas per animal 
ia then detected by Congo red staining (as viewed under polarized light) or Thioflavin 

10 S fluorescence and quantitated in a blind study using an arbitrary scoring method as 
described by Snow et al rN«>»mn 12:219 234. 1994). The use of perlecan. perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in this model can be 
used as a rapid model of amylin (islet amyloid) deposition, accumulation and 
persistence in vivo. In addition, this model may be used to rapidly screen potential 

15 therapeutics targeting amylin (islet amyloid) formation, deposition, accumulation 
and/or persistence. In a preferred embodiment, perlecan, perlecan fragments, the -220 
kDa HSPG or -220 kDa HSPG-fragments plus amylin plus therapeutic compound is 
directly infused or injected (as described above) into a group of animals and 
comparisons are made to a group of animals infused or injected with only perlecan. 

20 perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus amyUn. 
Compounds or drugs found to reduce amyloid formation, deposition, accumulation 
and/or persistence (as determined by Congo red or Thioflavin S scoring) in vivo are 
then identified as having potential therapeutic value. 
New Animal Models of Endocrine Type Amyloidosis 

25 The consistent and reliable production of "clean " perlecan or the -220 kDa 

HSPG as described in the present invention can also be used to produce a new animal 
model of endocrine amyloidosis, such as observed when a variant of calcitonin is found 
in the amyloid of medullary carcinoma of the thyroid, as weU as in the islets of 
Langerhans in the pancreas of patients with type II (non-insuUn dependent) diabetes. 

30 For example, perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments can be continuously infused or daily injected into the thyroid gland 
or pancreas of rats or mice, in combination with calcitonin. In a preferred embodiment 
perlecan. perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments are 
dissolved in water in a micnx»ntrifuge tube containing calcitonin. Using the described 

35 methods of Snow et al (Nfiuron 12:2 19-234. 1994). perlecan. perlecan fragments, the 
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-220 kDa HSPG or -220 kDa HSPG-fragments plus calcitonin are continuously 
infused or daily injected for 1 week into the thyroid gland or pancreas (via stereotaxic 
surgeries knowledgeable by one skiUed in the art) of groups (usually 10) of adult rats 
or mice. Following the I week experimental period, the animals are sacrificed and the 

5 thyroid gland or pancreas is removed, and 6-8 jim serial sections are cut from paraffin 
embedded blocks or from frozen sections containing the thyroid gland or pancreas. The 
extent of amyloid deposition in the thyroid gland or pancreas per animal is then 
detected by Congo red staining (as viewed under polarized Ught) or Thiofiavin S 
fluorescence and quantitated in a bUnd study using an arbitrary scoring method as 

10 described by Snow et al (Meiirim 12:219-234, 1994). The use of perlecan. perlecan 
fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments in this model can be 
used as a rapid model of endocrine amyloid deposition, accumulation and persistence 
in vivo. In addition, this model may be used to rapidly screen potential therapeutics 
targeting endocrine amyloid formation, deposition, accumulation and/or persistence. 

15 In a preferred embodiment, perlecan. perlecan fragments, the -220 kDa HSPG or -220 
kDa HSPG-fragments plus calcitonin plus therapeutic compound is directly infused or 
injected (as described above) into a group of animals and comparisons are made to a 
group of animals infused or injected with only perlecan. perlecan fragments, the -220 
kDa HSPG or -220 kDa HSPG-fragments plus calcitonin. Compounds or drugs found 

20 to reduce amyloid formation, deposition, accumulation and/or persistence (as 
determined by Congo red or Thioflavin S scoring) in vivo are then identified as having 
potential therapeutic value. 

New Animal Models of Prion Protein Amyloidosis 

The consistent and reliable production of "clean" perlecan or the -220 kDa 

25 HSPG as described in the present invention can also be used to produce a new animal 
model of prion protein (PrP) amyloidosis. For example, perlecan, periecan fragments, 
the -220 kDa HSPG or -220 kDa HSPG-fragments can be continuously infused in 
combination with PrP protein into the hippocampus of groups of rats or mice. In a 
preferred embodiment perlecan. perlecan fragments, the -220 kDa HSPG or -220 kDa 

30 HSPG-fragments are dissolved in water in a microcentrifuge tube containing PrP 
27-30. Using the described methods of Snow et al (Meuron 12:219-234. 1994). perlecan. 
perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus PrP are 
continuously infused for 1 week into hippocampus (via stereotaxic surgeries 
knowledgeable by one skiUed in the art) of groups (usually 10) of adult rats or mice. 

35 Following the 1 week infusion the animals are sacrificed and the brains are removed 
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as described in Snow et al (Neuron 12:219-234. 1994), and 6-8 serial sections 
spanning through the entire infusion site are cut from paraf&n embedded blocks or 
from frozen sections. The extent of amyloid deposition per animal is then detected by 
Congo red staining (as viewed under polarized Ught) or Thioflavin S fluorescence and 
quantitated in a blind study using an arbitrary scoring method as described by Snow 
et al r^feuron 12:219-234, 1994). The use of perlecan, perlecan fragments, the -220 
kDa HSPG or -220 kDa HSPG-fragments in this model can be used as a rapid model 
of PrP amyloid deposition, accumulation and persistence in vivo. In addition, this 
model may be used to rapidly screen potential therapeutics targeting PrP amyloid 
formation, deposition, accumulation and/or persistence. In a preferred embodiment, 
perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa HSPG-fragments plus 
PrP 27-30 plus therapeutic compound is directly infused into the hippocampus (as 
described above) of a group of animals and comparisons are made to a group of animals 
infused with only perlecan, perlecan fragments, the -220 kDa HSPG or -220 kDa 
HSPG-fragments plus PrP 27-30. Compounds or drugs found to reduce amyloid 
formation, deposition, accumulation and/or persistence (as determined by Congo red 
or Thioflavin S scoring) in vivo are then identified as having potential therapeutic 
value. 
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CLAIMS 

We daim: 

1. A method of preparation of substantially pure proteoglycan from an extract 
source, the method comprising one or more steps selected from the group of steps 
5 consisting of: a) isolation of an extracted proteoglycan by molecular sieve column 
chromatography, b) cation exchange column chromatography, c) anion exchange 
column chromatography, and d) chromatography using a column containing 
immobilized glycosaminoglycans. 

2- The method of Claim 1 wherein the proteoglycan is perlecan. 
10 3. The method of Claim 1 wherein the proteoglycan is -220 kDa heparan sulfate 
proteoglycan. 

4. The method of Claim 1 wherein the extract source is Engelbreth-Holm-Swarm 
tumor tissue. 

5. The method of Claim 1 whereby the step of isolation by molecular sieve coltunn 
15 chromatography employs a Sephacryl S-400 column. 

6. The method of Claim 1 whereby the step of isolation by cation exchange column 
chromatography employs a Sulphopropyl Sepharose column. 

7. The method of Claim 1 whereby the step of isolation by anion exchange column 
chromatography employs a DEAE-Sephacel column. 

20 8. The method of Claim 1 whereby the step of isolation by a molecular sieve 
column employs a second column in the form of a Sephacryl S-1000 column. 

9. The method of Claim 1 whereby the step of isolation by a column containing 
immobilized glycosaminoglycans employs a heparin-Sepharose column. 

10. The method of Claim 1 wherein the step(s) of isolation proceed to a level of 
25 contaminating proteins, proteoglycans or macromolecules of less than 1%. 

11. The method of Claim 1 wherein the step(s) of isolation proceed to a level of 
contamination by DNAof less than 1%. 

12. The method of Claim 10 wherein the step(s) of isolation proceed to a level of 
contaminating proteins, proteoglycans or macromolecules of less than or equal to 0.1%. 

30 13. A clean perlecan produced by the method of Claim 2. 

14. The clean perlecan of Claim 13 having a level of contaminating proteins, 
proteoglycans, macromolecules or DNAof less than 1%. 

15. A method of making an antibody, the method comprising producing antibodies 
from the clean perlecan of Claim 13. 
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16. The method of Claim 15 wherein the making of the antibody comprised 
production of at least one type of antibody selected from the group of antibody types 
consisting of polyclonal, monoclonal, and chimeric antibodies and anti-idiotypic 
antibodies. 

5 17. A method to diagnose a disease or a susceptibility to a disease related to the 
levels of perlecan, perlecan-derived protein or glycosaminoglycans fragments. --220 kDa 
HSPG, or -220 kDa HSPG-derived protein or glycosaminoglycans fragments, the 
method comprising determining levels of perlecan, a particular perlecan-derived 
fragment, or the -220 kDa HSPG, or -220 kDa derived fragment in a sample, 

10 whereby the levels are indicative of the presence of a disease, susceptibility to a 
disease, or progression of said disease. 

18. The method of Claim 17 wherein said disease is an amyloid disease. 

19. The method of Claim 17 wherein the sample assayed is a biological fluid. 

20. The method of Claim 15 further comprising radiolabeling the antibodies for 
15 radioimagiug or in vivo diagnosis for detection of perlecan. perlecan-derived protein or 

glycosaminoglycans fragments, -220 kDa HSPG, or -220 kDa HSPG-derived protein 
or glycosaminoglycan fragments. 

21. A method for detection and quantification of perlecan and perlecan-derived 
fragments ui biological fluids comprising a) allowing a first clean perlecan or 

20 perlecan-derived fragment antibody to bind to microliter wells for a sufficient time to 
allow said bindiag, b) adding a quantity of biological fluid to the microtiter wells, c) 
incubating the biological fluid for sufficient time to allow binding of any perlecan or 
perlecan-derived fragment in the biological fluid to the first antibody on the microtiter 
wells, d) adding a second labeled antibody to the microtiter wells wherein the second 

25 labeled antibody is against perlecan or perlecan-derived fragment, but which is against 
a different epitope than the first antibody, and allowing the second antibody to bind to 
any perlecan or perlecan-derived fragment captured by the first antibody, and e) 
detecting bound materials using an appropriate substrate or label. 

22. A method for detection and quantification of perlecan autoantibodies in 
30 biological fluids comprising a) allowing clean perlecan or a fragment thereof to bind 

to microtiter wells for a sufficient time to allow said binding, b) adding a quantity of 
biological fluid to the microtiter wells, c) incubating the biological fluid for sufficient 
time to allow binding of any perlecan autoantibody in the biological fluid to the clean 
perlecan or a fragment thereof on the microtiter wells, d) adding a labeled antibody to 
35 the microtiter wells wherein the labeled antibody is against human immunoglobulins 
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and allowing the antibody to bind to any perlecan autoantibody captured by the 
perlecan or a fragment thereof, and e) detecting bound materials using an appropriate 
substrate or label. 

23. The method of Claim 2 1 wherein said biological fluid is selected from the group 
5 of biological fluids consisting of blood, plasma, serum, cerebrospinal fluid, sputum, 

saliva, urine and stool. 

24. A method for the treatment of a patient having an identified dinical need to 
interfere with the pathological effects of amyloid, the method comprising 
administrating to the patient a therapeutically effective amount of clean perlecan, or 

10 a protein or glycosaminoglycan fragment thereof. 

25. The method of Claim 24 wherein said amyloid disease is Alzheimer's disease. 
28. A method for producing an animal model of amyloid diseases comprising a) 
injecting or infusing clean perlecan. the -220 kDa HSPG. or fragments thereof, in 
combination with the appropriate amyloid protein into a given tissue or organ of a 

15 non-human mammal, and b) allowing sufficient time for the amyloid protein plus 
perlecan or the -220 kDa HSPG to be co-deposited in said tissue or organ, c) detecting 
the amyloid deposit in said organ in tissue using standard staining techniques for 
fibrillar amyloid. 

27. The method of Claim 26 wherein the amyloid disease is Alzheimer's disease and 
20 the appropriate amyloid protein is the beta-amyloid protein (Afl). 

28. The method of Claim 26 wherein the tissue or organ is brain tissue. 

29. The method of Claim 26 wherein the non-human mammal is a rat. 

30. An in vivo assay for selecting a candidate therapeutic for inhibiting congophihc 
and fibrillar amyloid deposition/persistence, comprising a) administering a candidate 

25 reagent to a first animal in a first infusate comprising an amyloid protein and clean 
perlecan or the -220 kDa HSPG by continuous infusion at an infusion site into said 
tissue or organ, b) selecting the candidate reagent as a candidate therapeutic for 
inhibiting congophilic and fibrillar amyloid deposition/persistence if the first infusate 
diminishes Congo red and Thioflavin S staining indicative of fibriUar amyloid 

30 deposiUon/^ersistence at the infusion site, as compared with a second animal receiving 
a second infiisate consisting essentially of the amyloid protein and perlecan or the -220 
kDa HSPG. 
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SEQUESTRATION OF Ap IN THE PERIPHERY IN THE ABSENCE OF 
IMMUNOMODULATING AGENTS AS A THERAPEUTIC APPROACH FOR 
THE TREATMENT OR PREVENTION OF BETA-AMYLOID RELATED 

DISEASES 

5 

The work described herein is supported in part by a grant from 
the National Institutes of Health, National Institute of Aging, AG17585. 

FIELD OF THE INVENTION 

The present invention relates to improved drug delivery 
10 methods and the discovery and development of novel compounds and drugs 
for the treatment and prevention of neurological diseases and disorders 
associated with p-amyloid, such as Alzheimer's disease, p-amyloid related 
problems in Down's syndrome and vascular dementia (cerebral amyloid 
angiopathy) and other amyloidosis diseases. The invention further relates to 
15 diagnostic and screening methods for determining or identifying the 
aforementioned diseases and disorders associated with p-amyloid in 
patients. 

BACKGROUND OF THE INVENTION 

Alzheimer's Disease (AD) is the most common cause of 
20 chronic dementia, with approximately two million people in the United States 
having the disease. The histopathologic lesions of Alzheimer's disease (i.e., 
neuritic amyloid plaques, neurofibrillary degeneration, and granulovascular 
neuronal degeneration) are found in the brains of elderly people with 
Alzheimer's dementia. 

25 It is estimated that ten percent of individuals older than 65 

years of age have mild to severe dementia. The number of such lesions 
correlates with the degree of intellectual deterioration. This high prevalence, 
combined with the rate of growth of the elderly segment of the population, 
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make dementia (and particularly AD) one of the most important of the 
present-day public health concems. 

An invariant feature of Alzheimer's disease (and AD in Down's 
syndrome) is the deposition of the small, i.e., approximately 40 to 42 
5 residues, amyloid t>eta (also refen-ed to as Ap or Abeta herein) peptide as 
insoluble p-amyloid plaque in the brain parenchyma. (G.G. Glenner et al., 
1984. Appl. Pathol., 2(6):357-69; G.G. Glenner et al., 1984, Biochem 
BiophysRes Commun., 120(3):885-90; G.G. Glenner et al., 1984, Biochem 
Biophys Res Commun., 122(3): 11 31 -5). In cerebral amyloid angiopathy, Ap 

10 is deposited in the vasculature. Ap is generated by proteolysis of the 
approximately 100 kDa amyloid precursor protein (APP), a broadly 
expressed type-1 transmembrane protein that is found primarily in the trans- 
Golgi network (TGN) and at the cell surface (reviewed in B. De Strooper and 
W. Annaert, 2000, "Proteolytic processing and cell biological ftinctions of tiie 

15 amyloid precursor protein." J. Cell. ScL, 113(R 11)(7): 1857-1 870). The p- 
amyloid precursor protein APP is furUier described in D.J. Selkoe et al., 
1988, Proc. Natl. Acad. Sci. USA., 85(1 9):7341 -7345; R.E. Tanzi et al., 
1988, Nature, 331(6156):528-530; and E. Levy etal., 1990, Science, 
248(4959):1 124-1 126. 

20 Amyloid plaques containing Abeta (Ap) peptides are one of the 

most significant pathological features of the human Alzheimer's disease 
brain. Drugs that reduce brain Ap levels, or remove plaques, are considered 
to be the most likely to be effective in the treatment or prevention of AD. To 
date, ti-eabnents for AD have focused on the use of anti-Ap antibodies or 

25 peptides which evoke the production of anti-Ap antibodies, i.e., vaccine 

therapy, (see, for example, D. Schenk et al., 1999, Nature, 400(6740): 173- 
177 and F. Bard et al., 2000, Nat Med, 6(8):916-919). 
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The presumed mode of action for such antibody, or 
immunomodulatory, treatments is in the clearance of Ap directly from the 
brain due to the entry of antibodies into the brain. A side effect of 
vaccination is an increase of peripheral Ap levels as levels of Ap decrease in 
5 the brain, thus resulting in a little understood change in the dynamics 
between the two systems, brain and periphery. 

Vaccination involving anti-Ap antibodies is a potentially 
ineffective and possibly even dangerous approach for treatment of AD 
patients, particularly the elderly who lack (or have less) immune 
1 0 responsiveness, due to the risk of provoking autoimmune diseases. 

Clearance of Ap from the brain has been reported using 
Immunization of Ap peptides or passive immunization with anti-Ap antibodies 
(D. Schenk et al., 1999, Nature, 400(6740): 173-1 77 and F. Bard et al., 2000, 
Nature Med,, 6(8):916-919). The proposed mechanism for this clearance is 
15 microglial phagocytosis carried out by brain immune cells, i.e., microglia, 
that have been activated by elicited or injected anti-Ap antibodies. 

A goal in the field of therapy and prevention of AD and 
amyloid-related diseases is the discovery and development of new drugs 
that are effective due to their mode of action in the periphery, rather than in 

20 the brain, thus obviating the need to enter the brain itself and overcoming 
the problems encountered in efficient dosage and effectiveness due to the 
blood/brain barrier. The present invention satisfies this goal by providing 
new methods of treatment and prevention for AD and other amyloid-related 
diseases, and by describing new types of drugs and compounds that serve 

25 to treat or prevent disease via the blood. 
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SUMMARY OF THE INVENTinM 

The present invention provides methods and compounds (also 
termed drugs, substances, reagents, or agents, preferably bloactive agents) 
employed therein for sequestering Ap in the blood, or blood components, 
5 such as plasma, i.e., the periphery, thereby reducing Ap levels in the brain 
for treatment or prevention of beta-amyloid related diseases. The 
compounds of the invention have an affinity for (i.e., "sequester^) Ap, and 
bind to and sequester Ap in the blood, or periphery, e.g., plasma, without 
needing to enter the brain itself. According to this invention, such 

10 compounds do not (and do not need to) cross the blood/brain banier, and 
yet they significantly lower amyloid (Ap) levels in the brain. Such 
compounds have been shown in animal models of disease, e.g., a 
transgenic AD mouse model, to lower Ap levels in the brain by sequestering 
Ap in the periphery, e.g., plasma. That the invention provides a method and 

1 5 drugs used therein which obviate the need for a drug to enter the brain itself, 
while still significantly lowering amyloid (Ap) levels in the brain, offers a great 
improvement over drugs that cunrently must enter the brain to have an effect 
on Ap levels in the brain. 

Thus, it is also an aspect of the present invention to provide a 
20 method of treating or preventing AD comprising administering to an 
individual in need thereof a compound or drug having an affinity for Ap, 
which binds to Ap in the periphery, wherein such a compound or drug, 
preferably a non-immune related compound or drug, and also preferably, an 
agent other than an antibody or an immunomodulating agent, sequesters Ap 
25 in the periphery and leads to a reduction in Ap levels in the brain. For 
delivery to the periphery, such Ap-binding compounds are preferably 
introduced intravenously or subcutaneously; however, any method of 
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introducing tlie compound into the blood stream (including via pumps) is 
acceptable and suitable in accordance with this invention. 

it is another aspect of the present invention to provide a 
method of reducing amyloid (or soluble/insoluble Ap) levels in the brain of a 
5 patient undergoing treatment by obviating the need to introduce an Ap- 
bindlng drug or compound directly, or indirectly, into the brain. According to 
the invention, the effectiveness of the method in which the Ap-binding drug 
sequesters Ap in the bloodstream and removes it from the brain is at least 
as high as a vaccine approach involving the production of antibodies that 
10 cross the blood/brain barrier, enter Into the brain, and act in the brain. 

It Is yet a further aspect of the present invention to provide a 
method for diagnosing, screening, or monitoring treatment of diseases 
involving p-amyloid or amyloidoses, such as AD, comprising determining an 
elevation of Ap levels in the periphery, e.g., plasma, particularly at a time, or 
15 series of times, following treatment. In accordance with this aspect of the 
invention, the elevation of Ap levels in the periphery, e.g., plasma, serves as 
a diagnostic marker of diseases involving p-amyloid, particularly, AD. 

Further aspects, features and advantages of the present 
Invention will be apparent when considered in connection with the further 
20 disclosure of the invention hereinbelow. 

DESCRIPTION OF THE INVENTION 

In one of its aspects, the present invention describes 
compounds (drugs) which have an affinity for, i.e., "sequester", Ap in the 
blood, or blood components, e.g., plasma, (periphery) and which reduce Ap 
25 levels in the brain without the need of the compounds (e.g., drugs or 

bioactive agents) to enter the brain itself. Such compounds sequester Ap in 
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the periphery and alter the periphery/brain dynamics so as to reduce Ap in 
the brain by virtue of their effective sequestration of Ap in the periphery. 

According to this invention, such connpounds are preferably 
brain impermeable and essentially do not (and do not need to) cross the 
5 blood/brain barrier following administration or introduction into a recipient, 
and yet they significantly lower amyloid (Ap) levels in the brain. Also in 
accordance with this invention, such compounds have been shown in animal 
models of disease, e.g., AD mouse models, to lower Ap levels in the brain 
by sequestering Ap in the periphery, e.g., plasma. (Example 1). It is thus an 

10 aspect of the invention that the Ap binding agent, drug, compound, and the 
like, effectively sequesters Ap in the periphery following administration in the 
periphery. Preferably, greater than about 50% of the Ap binding agent, drug 
or compound remains in the periphery versus the brain following 
administration in the periphery. IVIore preferably, about 90% or more of the 

15 Ap binding agent, drug or compound remains in the periphery versus the 
brain following administration in the periphery 

In addition, the finding of elevated Ap in the periphery, 
particulariy in plasma, preferably in conjunction with the administration of 
agents that bind Ap and sequester Ap in the periphery, can serve as a 

20 diagnostic marker of p-amyloid-related diseases, especially, AD. The 
elevation of levels of Ap in the periphery can further serve as a means of 
monitoring the effectiveness of treatment of a disease involving Ap, 
particulariy with a drug or agent that binds and sequesters Ap in the 
periphery, thereby leading to its elevation in the periphery. According to this 

25 embodiment of the invention, an elevation of Ap in the periphery reflects an 
amount of Ap that is increased relative to that found in normal individuals, 
such as in plasma, or a base level of Ap, e.g., in plasma, in individuals who 
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serve as controls. Determining and/or measuring levels of Ap can be 
performed using routine techniques as known in the art, such as 
radioimmunoassays (RIAs), non-radioactive immunoassays, such as 
enzyme linked immunoassays (ELISAs), western blotting, dot blotting, mass 
5 spectrometry, etc. 

Without wishing to be bound by theory, it is proposed that 
microglial phagocytosis is not necessary for Ap clearance from the brain in 
accordance with the present invention. Instead, sequestration in the blood, 
or blood component, such as plasma, i.e., the periphery, in the absence of 

10 an immune modulating agent, by suitable Ap-binding compounds that are 
not Ap peptides or their derivative antibodies, serves to reduce Ap levels in 
the brain and to alter the central nervous system (CNS)/periphery dynamics 
leading to reduction of Ap in the brain. As used herein, the terms immune 
modulating agent, and immune related agent, refer to an anti-Ap antibody or 

15 a peptide against some region of Abeta or APP that evokes the production 
of antibodies, which recognize an Abeta region or APP. 

As a consequence of the sequestration of Ap in the periphery 
according to this invention, higher levels of Ap are predicted to be found in 
the blood (e.g., plasma)/periphery), (see Example 1), because Ap is 

20 sequestered in the blood/periphery by the Ap-binding compounds. It is also 
to be understood that the removal of bound Ap/binding agents by cellular 
clearance mechanisms may effectively reduce the levels of peripheral Ap 
seen following administration of the sequestering agent. The important 
effect of the methods and reagents of the present invention is that the levels 

25 of Ap found in the brain as a result of keeping Ap sequestered in the 

periphery are reduced, which is advantageous for the therapeutic effect of 
the method and compounds of the present invention. 
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The invention also allows for detemiining or monitoring a 
drug's effectiveness by monitoring Ap levels in the periphery, such as in the 
plasma, instead of, or in addition to, brain Ap levels, (see, e.g., Example 1). 
Methods of monitoring Ap levels in an individual undergoing drug treatment 
or therapy for amyloid related diseases involve determining the levels of Ap 
in the Individual's peripheral body fluid sample, e.g., plasma, at one or more 
time intervals following treatment or therapy involving an Ap binding agent 
that sequesters Ap In the periphery. For example, an individual can be 
monitored at about 1-25 hours, preferably at about 2-10 hours following 
administration of the Ap binding agent, or at varying time intervals 
therebetween, to determine if Ap levels are elevated. Such monitoring 
methods are particularly useful for detemnining if a given drug treatment is 
beneficial, or to determine if doses of a drug or a drug combination should 
be modified or adjusted during the course of treatment. In such methods, it 
is preferred to use the individual's pretreatment levels of Ap in the periphery 
to compare and assess treatment and post-treatment levels of Ap in the 
periphery. Controls can also include peripheral levels of Ap in disease-free 
(or dementia-free) Individuals, as well as peripheral levels of Ap in 
individuals having an amyloid related disease, e.g., AD. Human plasma and 
cerebrospinal fluid levels of amyloid beta proteins, particularly, Ap40 and 
Ap42, have been reported (see, e.g.. Mehta et al., 2000, Arch. Neurol., 
57:100-105). 

According to this invention, Ap levels can be measured in an 
individual's body fluid sample, such as blood, serum, or plasma, using 
conventionally known assays that detect Ap, for example, radioisotopic 
Immunoassays or non-isotopic immunoassays, e.g., fluorescent 
immunoassays, chemiluminescent immunoassays and enzymatic 
immunoassays, such as an enzyme linked immunoassay (ELISA), as are 
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commercially available, known and practiced in the art, for example. Beta- 
amyloid (Abeta) [1-40] Immunoassay (Biosource, Camarlllo, CA; Cat. No. 
KHB3481); Beta-amyloid (Abeta) [1-42] Immunoassay (Blosource. 
Camarillo, CA; Cat. No. KHB3441); and Human Amyloid beta (1-40) 
5 Immunoassay (IBL, Fujioka, Gunma, Japan; Cat. No. 17713). 

Typically, an ELISA assay initially involves preparing, 
obtaining, or employing an antibody specific to Ap, preferably a monoclonal 
antibody. In addition, a reporter antibody is used. In some ELISA protocols, 
the reporter antibody recognizes and binds to the anti-Ap-specific 
10 monoclonal antibody. To the reporter antibody is attached a detectable 
reagent such as a radioactive isotope, a fluorescent moiety, a 
chemiluminescent moiety, or, in an ELISA, an enzyme, such as horseradish 
peroxidase or alkaline phosphatase. 

As is appreciated by those skilled in the art, ELISAs can be 
15 performed in a number of assay formats. In one ELISA format, a host 
sample, e.g., a patient body fluid sample, is incubated on a solid support, 
e.g., the wells of a microtiter plate, or a polystyrene dish, to which the 
proteins in the sample can bind. Any free protein binding sites on the dish 
are then blocked by incubating with a non-specific protein such as bovine 
20 serum albumin. The monoclonal antibody is then added to the solid support, 
e.g., the wells or the dish, and allowed to incubate. During the incubation 
time, the monoclonal antibodies attach to any Ap polypeptides or peptides 
that have attached to the polystyrene dish. 

All unbound monoclonal antibody is washed away using an 
25 appropriate buffer solution. The reporter antibody, e.g., linked to 

horeeradish peroxidase, is added to the support, thereby resulting in the 
binding of the reporter antibody to any monoclonal antibody which has 
bound to Ap present in the sample. Unattached reporter antibody is then 
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washed away. Peroxidase substrate is added to the support and the 
amount of color developed in a given time period provides a measurement 
of the amount of Ap that is present in a given volume of individual or patient 
sample when compared to a standard curve. 

5 In another ELiSA fomiat, antibody specific for a particular 

analyte Is attached to the solid support, i.e., the wells of a microtiter plate or 
a polystyrene dish, and a sample containing analyte Is added to the 
substrate. Detectable reporter antibodies, which bind to the analyte that has 
bound to the capture antibodies on the support, are then added, after the 

10 appropriate incubations and washings, and analyte-antibody complexes are 
detected and quantified. 

The present Invention also embraces a sandwich type ELISA 
immunoassay typically performed using microtiter plates. A capture 
antibody, that can be polyclonal or monoclonal, preferably a monoclonal 

15 antibody, that specifically recognizes an epitope in the Ap peptide is used, 
along with a labeled detector antibody, e.g., an alkaline phosphatase- 
labeled antibody, or a horse radish peroxidase-labeled antibody, preferably 
a monoclonal antibody. The detector antibody also specifically recognizes 
an epitope in Ap. Preferably also, the capture antibody does not inhibit 

20 binding to Ap. The production of both polyclonal and monoclonal antibodies, 
particularly monoclonal antibodies that are specific for Ap, is performed 
using techniques and protocols that are conventionally known and practiced 
in the art. 

In a particular embodiment according to this Invention, a 
25 capture antl-Ap antibody of the assay method is Immobilized on the interior 
surface of the wells of the microtiter plate. To perform the assay, an 
appropriate volume of sample is incubated in the wells to allow binding of 
the antigen by the capture antibody. The immobilized antigen is then 
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exposed to the labeled detector antibody. Addition of substrate to the wells, 
if the detectable label is alkaline phosphatase, for example, allows the 
catalysis of a chromogen, i.e., para-nitrophenylphosphate (pNPP), If the 
label is alkaline phosphatase, into a colored product. The intensity of the 
5 colored product is proportional to the amount of Ap that is bound to the 
microtiter plate. 

Standards are used to allow accurate quantitative 
determinations of Ap in the samples undergoing analysis. A microtiter plate 
reader simultaneously measures the absorbance of the colored product in 
10 the standard and the sample wells. Correlating the absorbance values of 
samples with the standards run in parallel in the assay allows the 
determination of the levels of Ap in the sample. Samples are assigned a 
quantitative value of Ap in nanograms per milliliter (ng/ml) of blood, semm, 
plasma, or other body fluid. 

15 The present invention provides a significant advantage to the 

treatment and prevention of AD and amyloid-related diseases in that drugs 
and active compounds according to this invention are not required to cross 
the blood/brain banier to exert their effect. Having to cross the blood/brain 
banrier is an enormous obstacle to developing effective drugs for use in the 

20 brain. This invention overcomes this obstacle. One of the major differences 
between this method and others is that it uses a non-antibody compound, or 
a compound that is not related to an antibody, to achieve the sequestration 
of Ap, and that this sequestration has its primary effect in the periphery. A 
consequence of the method and the compounds utilized therein is a 

25 decrease in Ap in the brain. 

In addition, a second advantage of this invention is that neither 
Ap peptides, nor anti-Ap antibodies, is administered to a host, thus negating 
the risk of an adverse immune response, or the lack of an effective immune 
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response. For AD and amyloid angiopathy, this method preferably involves 
the use of Ap-binding compounds and drugs of the invention, more 
preferably formulated as pharmaceutically acceptable conripositions as 
described herein. 

5 The method further comprises the administration of an amyloid 

beta (Ap)-bindlng compound, agent, or drug in the periphery of an individual 
in need thereof, wherein the compound sequesters Ap in the periphery and 
concomitantly decreases Ap levels in the brain of the individual undergoing 
treatment. According to the method of the present invention, the need to 

10 introduce an agent or drug directly into the brain, or to have the dmg cross 
the blood/brain barrier is obviated. Also according to this method, brain Ap 
levels are reduced, due to the effects of the Ap-binding drugs and 
compounds described herein on Ap in the periphery. 

The method and Ap-binding compounds and agents used 
15 therein in accordance with the present invention are suitable for the 

treatment, both prophylactic and therapeutic, of neurological diseases and 
disorders associated with p-amyloid, such as Alzheimer's disease, p-amyloid 
related problems in Down's syndrome and vascular dementia (cerebral 
amyloid angiopathy) (A J. Rozemuller et al., 1993, Am. J. PathoL, 
20 142(5): 1449-1 457) and other amyloidosis diseases. The method involving 
peripheral sequestration of disease associated agents, e.g., peptides, or 
proteins or aggregates thereof, by non-immunomodulating agents that bind 
to such disease associated agents in the blood/periphery in accordance with 
the present invention, are also useful in the treatment or prevention of other 
25 cortical or vascular amyloidoses, including those caused by cystatin C 
(ACys), prion protein (AScr), transthyretin (ATTR), gelsolin (AGel), and 
Amyloid ABri (or A-WD) (see, M. Yamada, 2000, "Cerebral amyloid 
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angiopathy: an overvie\Ar, Neuropathology, 20(1):8-22). Cortical or vascular 
amyloidoses are very similar in etiology to AD. 

In accordance witli the present invention, the method of 
delivering Ap-binding drugs to the periphery has been shown to be at least 

5 as effective as the vaccine approach in transgenic mouse models, if not 
more so. Indeed, the use of non-toxic, non-immune related compounds and 
drugs can overcome adverse immune responses that are frequently 
associated with the use of brain-directed immunovaccines. Prior to the 
present invention, the treatment of brain amyloidosis by administering non- 

10 immune related Ap-binding agents in the periphery and sequestering or 
"locl<ing awa/ Ap in the blood, or periphery, has not been shown. 

Suitable compounds that can be employed in the method of 
this invention include, but are not limited to, small molecules, e.g., peptides, 
proteins; biologic agents; and drugs that have an affinity for Ap and bind Ap 

15 in the periphery. Such compounds, molecules, agents and drugs have an 
Ap-binding domain that physically binds to and locks away Ap in the 
periphery. The compound, molecule, agent or drug can bind to or have 
affinity for a variety of Ap peptides, e.g., Ap peptides derived from APP; Ap 
peptides of different fragment lengths, e.g., Ap40 or Ap42, and the like. In 

20 addition, the compound, molecule, agent or drug can bind to or have affinity 
for any portion of an Ap peptide, e.g., the N- or C- terminus, or other regions 
of the molecule. Non-immune related and/or non-immunomodulatory 
compounds or drugs are preferred. Most preferably the compounds are 
non-toxic and well tolerated following their use in the treatment and 

25 prevention methods. 

An advantage of the use of molecules other than immune 
related compounds, such as antibodies, for peripheral sequestration of 
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Abeta (Ap) is that non-antibody related drugs can be manipulated more 
easily than antibodies. For example, sequestering compounds can be 
modified to be metabolized faster by the addition of certain chemical 
structures, as known and practiced in the art. For example, sequestering 
compounds can be modified by the addition of side chain(s) which can 
modulate metabolism. Such chemical modification of the non-antibody Ap- 
binding and sequestering compounds can improve their efficacy and reduce 
toxicity and/or potentially adverse side effects. The derivative of Congo 
Red, an Ap-imaging agent, as described herein, is particulariy suitable for 
chemical derivatization or modification. 

Nonllmlting examples of such Ap-binding compounds Include 
compounds having an affinity for Ap, particularly, cortigangliosides, such as 
GM1, the actin-regulating molecule gelsolin, particularly, the extracellular 
Ap-binding domain of gelsolin, and Ap staining molecules, such as 
15 derivatives of Congo Red, e.g., [1 ,4-bis(3-carboxy-4-hydroxypheny!ethenyl)- 
benzene and 5,5'-[(1,1' biphenyl)-4, 4'-diylbis{azo)] bis [2-hydroxybenzoic 
acid] disodium salt (chrysamine-G or CG), as described in U.S. Patent No. 
6,133,259 and WO 96/34853. A preferred Ap staining molecule is the Ap 
staining dye compound Chrysamine-G, as described in U.S. Patent No. 
20 6,133,259 and WO 96/34853. (Example 2). Other nonlimiting examples of 
Ap binding agents that are suitable for use In the methods of this invention 
include Ap Imaging agents (e.g., Klunk et al., 1995, "Chrysamine-G binding 
to Alzheimer and control brain: autopsy study of a new amyloid probe", 
NeurobioL Aging, 16: 541-548), p-sheet breakers (e.g., Bohrmann et aL, 
25 2000, "Self-assembly of beta-amyloid 42 is retarded by small molecular 
ligands at the stage of structural Intermediates", J. Struct BioL, 130:232- 
246), p-sheet fonnation inhibitors (e.g., Findeis et aL, 1999, "Modified- 
peptide inhibitors of amyloid beta-peptide polymerization". Biochemistry, 
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38:6791-6800), and the like, are encompassed for use In the present 
invention. 

The Ap-binding compounds according to the invention can be 
Incorporated Into pharmaceutical formulations, or pharmaceutical 

5 compositions, preferably physiologically acceptable compositions, according 
to known methods, such as by admixture with a pharmaceutically 
acceptable carrier, diluent, or excipient. One or more Ap-binding 
compounds or drugs comprise the pharmaceutical compositions and are 
formulated as active ingredients in the compositions in a therapeutic or 

1 0 prophylactic amount. 

The pharmaceutically, or physiologically, acceptable carrier, 
diluent, or excipient can be any compatible non-toxic substance suitable to 
deliver the compound to a host or recipient. Sterile water, alcohol, fats, 
waxes and inert solids may be used as carriers. In addition, 

15 pharmaceutically acceptable adjuvants, buffering agents, dispersing agents, 
and the like, may also be incorporated into the pharmaceutical 
compositions. The preparation of pharmaceutical compositions comprising 
active agents is well described in the scientific and medical literature. 
, Examples of methods of formulation, and carriers, etc. may be found in the 

20 latest edition of Remington's Pharmaceutical Sciences, 18th Ed., 1 990, 
Mack Publishing Co, Easton, PA. 

To formulate a pharmaceutically acceptable composition 
suitable for effective administration, preferably in vivo, or even ex wVo,.such 
compositions will contain an effective amount of the active compound, 
25 blomolecule, agent or drug. Phamiaceutical compositions of the present 
Invention are administered to an individual In amounts effective to treat or 
prevent AD, amyloid angiopathy, or other Ap-assoclated diseases or 
conditions. The effective amount may vary according to a variety of factors, 
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such as an individual's physical condition, weight, sex and age. Other 
factors include the mode and route of administration. These factors are 
realized and understood by the skilled practitioner and are routinely taken 
into account when administering a therapeutic agent to an individual. 

5 Pharmaceutical compositions suitable for use in the present 

invention include compositions wherein the active ingredients are contained 
in an effective and sufficient amount to directly bind Ap in the periphery, 
sequester it there, and reduce the Ap levels in the brain. The determination 
of an effective dose is well within the capability of the skilled practitioner in 

10 the art. The therapeutically effective dose can be estimated initially either in 
cell culture assays, or in animal models, usually mice, rabbits, dogs, pigs, 
rats, monkeys, or guinea pigs. The animal model is also used to achieve a 
desirable concentration range and route of administration. Such information 
can then be used to determine useful doses and routes for administration in 

15 humans. 

A therapeutically effective dose refers to that amount of the 
Ap-binding compound or drug which ameliorates, reduces, or eliminates the 
symptoms or condition. In accordance with this invention, the effective dose 
is preferably that which lowers, reduces, or eliminates levels of Ap, or 
20 buildup of Ap, in the brain, while binding to and "locking up" Ap in the 

periphery. The exact dosage is chosen in view of the patient to be treated, 
the route of administration, the severity of disease, and the like. 

The concentration of the Ap-binding drug, compound or 
bioactive agent in the pharmaceutical carrier may vary, e.g., from less than 
25 about 0.1 % by weight of the pharmaceutical composition to about 20% by 
weight, or greater. As a nonlimiting example, a typical pharmaceutical 
composition for intramuscular administration would be formulated to contain 
one to four milliliters (ml) of sterile buffered water and one microgram {\xq) to 
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one milligram (mg) of the Ap-binding drug or compound of the present 
invention. A typical composition for intravenous infusion could be 
formulated to contain, for example, 100 to 500 ml of sterile buffered water or 
Ringer's solution and about 1 to 100 mg of the Ap-binding drug or 
5 compound. 

The daily dosage of the pharmaceutical, or physiologically 
acceptable, products may be varied over a wide range, for example, from 
about 0.01 to 1 ,000 mg per adult human/per day. An effective amount of the 
drug is ordinarily supplied at a dosage level of from about 0.0001 mg/kg to 

10 about 100 mg/kg of body weight per day. The range is more particularly 
from about 0.001 mg/kg to 10 mg/kg of body weight per day. Even more 
particularly, the range varies from about 0.05 to about 1 mg/kg. Of course, it 
will be understood by the skilled practitioner that the dosage level will vary 
depending upon the potency or effectiveness of a particular compound, or 

15 combination of compounds, and that certain compounds will be more potent 
or effective than others. 

In addition, the dosage level will vary depending upon the 
bioavailability of the compound. The more bioavailable and potent the 
compound, the less amount of the compound will need to be administered 

20 through any delivery route, including, but not limited to, oral delivery. The 
dosages of the Ap-binding compounds are adjusted, if combined, in order to 
achieve desired effects. On the other hand, dosages of the various Ap- 
blnding agents or compounds may be independently optimized and 
combined to achieve a synergistic result, wherein the pathology is reduced 

25 more than it would be if one single agent or compound were used alone. 



The pharmaceutical compositions may be provided to an 
individual in need of therapeutic treatment by a variety of routes, such as; for 
example, subcutaneous, topical, oral, intraperitoneal, intradermal, 
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intravenous, Intranasal, rectal, intramuscular, and within the pleural cavity. 
Administration of pharmaceutical compositions Is accomplished orally or 
parenterally. More specifically, methods of parenteral delivery include 
topical, intra-arterial, intramuscular, subcutaneous, intramedullary, 
5 intrathecal, intraventricular, intravenous, intraperitoneal, intranasal 
administration, or via the pleural cavity. In addition, the compounds 
according to the invention can be delivered via one or more routes of 
administration through the use of pumps. 

Also embraced are transdermal modes of delivery, such as 
patches and the like, with or without a suitable permeation enhancer. The 
methods and compositions embodied by the invention provide a means by 
which one or more of the Ap-binding drugs, or medicaments, can be 
effectively administered In a transdermal system. Frequently, compounds 
having poor topical absorption, or which are required at high dosage levels, 
are delivered transdermally. Accordingly, a transdermal means of delivering 
a drug composition (often with a permeation enhancing composition) to the 
skin Is that of the transdermal patch or a similar device as known and 
described In the art. Examples of such devices are disclosed in U.S. Patent 
Nos. 5.146,846, 5,223,262, 4,820,724, 4,379,454 and 4,956,171. The 
transdermal mode of storing and delivering the compositions onto the skin 
and forming the active composition is convenient and well suited for the 
purposes of the invention. 

The present Invention also provides suitable topical, oral, 
systemic and parenteral pharmaceutical formulations for use in the methods 
25 of treatment described herein. It is to be appreciated that the compositions 
containing the Ap-binding compounds can be administered In a wide variety 
of therapeutic dosage forms in conventional vehicles for administration. For 
example, the compounds can be administered in such oral dosage forms as 
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tablets or capsules (Including timed release and sustained release 
formulations), pills, powders, granules, elixirs, tinctures, solutions, 
suspensions, syrups and emulsions, or by injection. Likewise, the 
therapeutic compounds may also be administered in intravenous (both bolus 
5 and infusion), intraperitoneal, subcutaneous, topical (with or without 
occlusion), or intramuscular form, all using forms well known to those of 
ordinary skill In the pharmaceutical arts. The preferred mode of delivery for 
the Ap-binding compounds according to the present invention is 
intravenous. 

10 For topical administration, the compositions of the present 

invention may be formulated in oil, water, or combinations thereof. 
Preferred is a dermatologically acceptable formulation comprising an oil-in- 
water emulsion. Examples of other dermatologically acceptable vehicle 
formulations of the present Invention Include, but are not limited to, any 

15 suitable non-toxic or pharmaceutically acceptable topical earner, such as a 
solution, suspension, emulsion, lotion, ointment, cream, gel, plaster, patch, 
film, tape or dressing preparation, all of which are well-known to those 
skilled in the art of topical skin formulations and preparations. 

The pharmaceutical compositions of the present invention can 
20 be administered for therapeutic and/or for prophylactic purposes of treating 
diseases, pathologies, or conditions related to the increase in Ap levels, or 
the deposition of Ap in the brain, for example, AD and amyloid angiopathy. 
Prophylactic treatment is preferred, although therapeutic treatment is also 
efficacious. For prophylactic applications, the pharmaceutical compositions 
25 of this invention are administered to an Individual who is susceptible to, or 
prone to, the disease, pathology, or condition. Such individuals can be 
Identified by genetic screening and/or clinical analysis, such as is described 
in the medical literature (see, e.g., Goate, 1991, Nature, 349:704-706 and 
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E.H. Corder et al.. 1993, Science, 261(5123):921-923). In such cases, the 
pharmaceutical compositions bind to or sequester Ap in the periphery at a 
symptomatically early stage, thus preferably preventing either the initial 
stages of, or the severity of, disease progression. Furthermore, prophylactic 
5 treatment can be applied to any individual wishing to undertake treatment, 
regardless of their susceptibility. 

In therapeutic applications, the pharmaceutical compositions of 
this invention are administered to an individual in need thereof; such 
individuals already suffer from, or are thought to suffer from the disease, 
10 pathology, or condition. In general, a dose of an Ap-binding compound 
effective for prophylactic treatment or therapy is the same as that for 
therapeutic treatment or therapy. 

EXAMPLES 

The following example describes specific aspects of the 
15 invention to illustrate the Invention and provides a description of the present 
methods for those of skill in the art. The example should not be construed 
as limiting the invention, as the examples merely provide specific 
methodology useful in the understanding and practice of the invention and 
its various aspects. 

20 Example 1 

Transgenic mice that develop AD-reiated amyloidosis, (i.e., 
PS/APP mice; See, L. Holcomb et al., 1998, Nature Med., 4(1):97-100) were 
used for the studies described in this Example to assess how peripheral 
sequestration of Ap affected brain Ap levels. The ganglloside GM1 was 

25 utilized as an exemplary Ap-binding compound, since GM1 is known to bind 
Ap strongly, and does not appear to enter the brain. In addition, a second 
compound, gelsolin, which is too large to cross the blood/brain barrier 
(BBB), and is completely unrelated to GM1, but which is also known to bind 
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Ap with great avidity, was administered peripherally to confirm the 
universality of the mechanism. 

PS/APP mice were injected every two days for two weeks 
either with GM1 (number of mice =6) (15 mg/kg, Ip,), with gelsolin (number 

5 of mice =3) (60 ng/l<g, ip), or with vehicle, (phosphate buffered saline), 
(number =7), into the periphery at 9 weeks of age, an age when amyloid 
pathology in the brain is not visible. The mice were left for 1 week without 
injections (the "wash-ouf period) and were then sacrificed at 12 weeks of 
age, an age when amyloid deposition has been initiated and measurable 

10 levels of Ap are present in the vehicle treated controls. 

The levels of Ap in the peripheral blood were tested at three 
time points during the drug administration period (i.e., after 1 week of 
injections; after two weeks of injections; and after the wash-out period). 
Data for the third time point only are shown. The levels of Ap peptides 
15 (Ap40 or Ap42) in the brain and plasma were assessed by ELISA assay. All 
of the Ap in the brain (including Ap in plaques) was extracted in 70% formic 
acid (FA). The levels of Ap peptides in GM1 or gelsolin treated mice were 
compared with those of vehicle treated controls. 

The results presented in Table 1 show that there was a 
20 statistically significant (p<0.05) decrease in both Ap40 and ApB42 in the FA- 
soluble brain fraction in GM1 -treated mice compared with those in control 
animals. This correlates with a statistically significant increase in peripheral 
Ap40 and Ap42 at the same time point. For gelsolin, there was also a 
significant decrease in Ap42, which correlated with a statistically significant 
25 increase in peripheral Ap, thus confirming that the general principle of Ap 
sequestration in the periphery being linked to reduction of Ap in the CNS 



wo 03/051374 PCT/US02/40212 



holds true for very different types of compounds that have the unifying 
property of being able to bind Ap in the blood- 

Table 1 

Changes of brain Abeta load [fmole/mg protein] in GM1- and Gelsolin-treated mice 

compared with controls (vehicle) 



10 



15 



20 



Treatment 


n 


Abeta40 


Abeta42 


Vehicle 


7 


3630 ±30 


4100 ±200 


GM1 


6 


2147 ± 226 


2990 ±410 




% 


59 


73 


P-value 


P 


0.005** 


0.031* 


Gelsolin 


3 


3473 ± 673 


2473 ±167 




% 


96 


60 


P-value 


P 


0.502 


0.021* 



: results statist'cally significant to the 5% level (p=0.05); 
results statistically significant to the 1% level (p=0.001 ). 



The results presented in Table 2 show the changes in plasma 
load of both Ap40 and Ap42 in GM1 -treated mice compared with control 
(vehicle) animals. As can be observed, there was a significant increase in 
plasma Abeta levels. For GM1, both Abeta40 and Abeta42 are increased; 
for gelsolin, Abeta42 is increased to a greater extent than is Abeta40. Thus, 
the effect with gelsolin may refiect a different preference for Abeta42 over 
Abeta40. 

Table 2 

Changes of plasma Abeta load [frnole/ml plasma] in GM1 treated mice compared 



Treatment n 


Abeta40 


Abeta42 


Vehicle 7 


100 ±21 


100 ±7 


GM1 6 


177 ±29 


124 ± 11 


P 


0.021** 


0.036* 


Gelsolin 3 


218 ±87 


153 ±35 


P 


0.016** 


0.039* 



results statistically significant to the 5% level (p=0.05): 
: results statistically significant to the 1% level (p=0.001). 
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Neither GM1 nor gelsolin is known to cross into the brain from 
the periphery to any degree. In addition, as part of the studies related to 
those descrit)ed in this example, GM^ was introduced directly into the brain 
of transgenic mice, but no change In Ap levels was observed. Thus, the 

5 results indicate that the effects of GM1 administration in the test mice is due 
to the sequestration of Ap in the periphery, thereby leading to a change In 
dynamics between brain and peripheral Ap transport. This is the first time 
that such a result has been shown for a peripherally administered compound 
that is not an antibody. As such, the Invention affonds a significant 

10 advantage to the art by describing and promoting Ap-binding compounds 
that require neither penetration of the brain nor the evocation of an Immune 
response, which are potentially hamnfui and ineffective ways to modulate the 
risk of AD in human patients. 

it will be appreciated that the use of GM1 or gelsolin in the 
1 5 present example is not limiting to the types of compounds considered to be 
suitable for use in the present invention. Indeed, in accordance with this 
invention, any Ap binding molecule can have the same effect following 
peripheral administration, thus providing a powerful treatment and 
therapeutic for AD sufferers, as well as those afflicted with other 
20 amyloidoses, e.g., amyloid angiopathy. 

Example 2 

In this Example, as in Example 1, transgenic mice that develop 
AD-related amyloidosis, (i.e., PS/APP mice; See, L. Holcomb et al., 1998, 
25 Nature Med. , 4(1 ):97-1 00) were used to assess the Ap-binding compound 
chrysamine G (CG) in the peripheral sequestration of Ap according to this 
invention, and to determine how the peripheral sequestration of Ap by this 
compound affected brain Ap levels. CG is known to bind Ap strongly, and is 
less brain permeable than GM1. 
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10 



PS/APP mice at 10 weeks of age were injected once eitlier 
witli CG (number of mice=3, dosage: 20 mg/l<g) or vehicle (phosphate 
buffered saline, number of mice=2) into the blood stream. Blood samples 
were collected prior to treatment (injection) and post-treatment at 10 
minutes, 2.5 hours, 5 hours and 25 hours after injection. Blood Ap levels 
were compared between pre-treatment versus post-treatment at 10 minutes, 
2,5, 5 and 25 hours after injection. The levels of Ap peptides (Ap40 or 
Ap42) in the plasma were assessed by ELISA immunoassay. The levels of 
Ap peptides in the periphery, i.e., plasma, of CG treated mice were 
compared with plasma Ap levels in pre-treatment mice at various time 
points. 



Changes in plasma Ap levels after injection with CG were 
compared with pre-treatment plasma Ap levels as shown in Table 3. 



15 



Table 3 



Hours after injection 


A342 level 1% of pre-treatment tinfie point] 


2.5 


110 ± 8 (p=0.232) 


5 


125 ± 8 (p=0.049) 


7.5 


125 ± 7 (p=0.034) 


24 


112 ±13 (p=0.341) 


48 


111 ±10 (p=0.256) 



The results presented in Table 3 show that were was a 
statistically significant (p<0.05) Increase in Ap, as represented by Ap42 
20 determination, in the plasma of the mice injected with CG at 5 and 7.5 hours 
after injection. Changes in plasma load of Ap42 after injection with CG were 
compared to the plasma Ap level at pre-treatment time points. As can be 
observed, there was a significant increase in plasma Ap levels after injection 
of CG. 
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Following a one-week wash out period, the effect in brain Ap 
level after continuous injection was examined. PS/APP mice were injected 
every day for one week into the periphery, with either CG (number of mice = 
3) (20 mg/kg, ip,) or vehicle (phosphate buffered saline) (number of mice = 
5 2), at 1 1 weeks of age, an age when amyloid pathology in the brain is not 
visible. The mice were sacrificed at 12 weeks of age, an age when amyloid 
deposition has been initiated and measurable levels of Ap are present in the 
vehicle treated controls. 

The levels of Ap in the peripheral blood were tested at the end 
10 of the administration period. The levels of Ap peptides (e.g., Ap40 or Ap42) 
in the brain and plasma were assessed by ELISA assay. All of the Ap in the 
brain (including Ap in plaques) was extracted in 70% formic acid (FA). The 
levels of Ap peptides in CG treated mice were compared with those of 
vehicle treated controls. The results presented in Tables 4 and 5 show that 
15 there was a statistically significant (p<0.05) decrease in Ap40 and/or Ap42 in 
the FA-soluble brain fraction in CG-treated mice compared with those in 
control animals tested 1 week after injection. This correlates with a 
statistically significant increase in peripheral Ap40 and Ap42 at the same 
time point. 

20 Table 4 

Change of plasma Ap levels 1 week following injecUon with CG 





Plasma A342 level 
[% of control] 


Vehicle 


100 ± 9 


CG 
treated 


331 ± 10 




{p=0.0081) 
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Tat)|e 5 

Change of brain Ap 1week following injection with CG 





mmssmmamm 


Vehicle 


926 ± 26 


1209 ± 292 


CG 


541 ± 50 


540 + 271 




rP=0.0031) 


rP=0.2038)* 



*: Because of data variation, Ap42 was not statistically significant, p=0.20. 

5 The method of the present Invention for determining elevated 

levels of Ap in the periphery for the purposes of diagnosing, screening, or 
monitoring patient treatment, treatment outcome, or the course and/or 
severity of amyloid-related disease in an Individual preferably Involves a 
pretreatment or baseline value for assessing peripheral elevation of Ap 

10 levels in the individual undergoing testing. In the examples presented 
herein, an elevation of plasma Abeta was compared by percentage pre- 
treatment time point of an Individual animal. Similar comparative 
assessments of pretreatment and treatment Abeta levels can be employed 
for the testing of other mammals, including humans, particulariy because the 

15 range of Abeta levels can be large between and among individuals. As a 
nonlimiting guide, a representative non-elevated level of Abeta in human 
plasma (e.g., periphery) is about 25%, as determined experimentally (e.g., 
Mehtaetal., 2000, 

20 The contents of all patents, patent applications, published PCT 

applications and articles, books, references, reference manuals and 
abstracts cited herein are hereby incorporated by reference in their entirety 
to more fully describe the state of the art to which the invention pertains. 

As various changes can be made in the above-described 
25 subject matter without departing from the scope and spirit of the present 
invention, it is intended that all subject matter contained in the above 
description, or defined In the appended claims, be interpreted as descriptive 
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and illustrative of the present invention. Many modifications and variations 
of the present invention are possible in light of the above teachings. 
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WHAT IS CLAIMED IS : 

1 . ' A method of treating amyloid beta (Ap)-associated 
disease, comprising administering an amyloid beta (Ap)-binding agent in the 
periphery of an individual in need thereof, wherein said agent binds to Ap in 

5 the periphery, sequesters Ap in the periphery and concomitantly decreases 
Ap levels in the brain of the individual undergoing treatment, in the absence 
of immunomodulating agents. 

2. The method according to claim 1 , wherein the amyloid 
beta (Ap)-associated disease is selected from Alzheimer's disease, p- 

10 amyloid related problems of Down's syndrorhe, vascular dementia (cerebral 
amyloid angiopathy) and amyloidosis. 

3. The method according to claim 1 , wherein the amyloid 
beta (Ap)-binding agent is selected from the group consisting of GM1 
ganglioside, gelsolin, an Ap imaging agent, a p-sheet breaker;^ a p-sheet 

15 formation inhibitor and a derivative of an amyloid beta (Ap)-staining dye. 

4. The method according to claim 1 , wherein the derivative 
of the amyloid beta (Ap)-stainlng dye is 1 ,4-bis(3-carboxy-4- 
hydroxyphenylethenyl)-benzene and 5,5'-{(1,1' biphenyl)-4, 4'-diylbis(azo)} 
bis {2-hydroxybenzoic acid} disodium salt (chrysamine-G). 

20 5. The method according to claim 1 , wherein amyloid beta 

(Ap)-binding agent is virtually brain impermeable. 

6. A method for sequestering Ap in the periphery 
comprising blood or blood components of an individual in need thereof, 
comprising: 

25 a) administering an agent having binding affinity for 

amyloid beta (Ap) in the periphery of the individual in need thereof; 
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b) sequestering Ap in the periphery, thereby 
concomitantly decreasing Ap levels in the brain of the individual. 

7. The method according to claim 6, wherein the agent 
having binding affinity for amyloid beta (Ap) is administered in the absence 

5 of immunomodulating agents or brain penetrance. 

8. The method according to claim 6, wherein the individual 
is suffering from an amyloid beta (Ap)-associated disease. 

9. The method according to claim 8, wherein the amyloid 
beta (Ap)-associated disease is selected from Alzheimer's disease, p- 

10 amyloid related problems of Down's syndrome, vascular dementia (cerebral 
amyloid angiopathy) and amyloidosis. 

10. The method according to claim 6, wherein the agent 
having binding affinity for amyloid beta (Ap) is selected from the group 
consisting of GM1 ganglioside, gelsolin, an Ap imaging agent, a p-sheet 

1 5 breaker, a p-sheet formation inhibitor and a derivative of an amyloid beta 
(Ap)-staining dye. 

11. The method according to claim 10, wherein the 
derivative of the amyloid beta (Ap)-staining dye is 1 ,4-bis(3-carboxy-4- 
hydroxyphenylethenyl)-benzene and 5,5'-{(1,1' biphenyl)-4, 4'-diylbis(azo)} 

20 bis {2-hydroxybenzoic acid} disodlum salt (chrysamine-G). 

12. A method of monitoring the effectiveness of drug 
treatment of beta-amyloid related diseases, comprising: 

(a) assessing levels of Ap in the periphery of a 
recipient of the drug treatment; and 
25 (b) determining an elevation of the levels of Ap In the 

periphery of the recipient. 
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13. The method according to claim 12, wherein the levels 
(Ap) are assessed by an assay that detects Ap. 

14. The method according to claim 13, wherein the assay is 
(i) a radioisotopic immunoassay or (li) a non-isotopic immunoassay. 

5 15. The method according to claim 14, wherein the non- 

isotopic immunoassay is selected from a fluorescent immunoassay, a 
chemiluminescent immunoassay, or an en2ymatic immunoassay (ELISA). 

16. The method according to claim 12, wherein the drug 
treatment comprises an agent having binding affinity for amyloid beta (Ap). 

10 17. The method according to claim 16. wherein the agent is 

selected from the group consisting of GM1 ganglioside, gelsolin, an Ap 
imaging agent, a p-sheet breaker, a p-sheet formation inhibitor and a 
derivative of an amyloid beta (Ap)-staining dye. 

18. The method according to claim 17, wherein the 
15 derivative of the amyloid beta {Ap)-staining dye is 1 ,4-bis(3-carboxy-4- 

hydroxyphenylethenyO-benzene and 5,5'-{{1,r biphenyl)-4, 4*-diylbis(azo)} 
bis {2-hydroxybenzoic acid} disodium salt (chrysamine-G). 

19. The method according to claim 12, wherein the 
monitoring occurs at about 1-25 days following administration of drug to the 

20 recipient. 

20. The method according to claim 12, wherein the 
monitoring occurs at about 5-10 days following administration of drug to the 
recipient. 



25 



21 . A method of treating amyloidosis in a subject, said 
method comprising administering in the periphery of said subject an amyloid 
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beta (Ap) binding agent, said agent selected from tlie group consisting of 
GIVI1 ganglioside, gelsolin, an Ap imaging agent, a p-slieet brealcer, a p- 
sheet formation inliibitor and a derivative of an amyloid beta (Ap)-staining 
dye, for a time and under conditions suitable for the agent to bind amyloid 
5 beta (Ap), sequester amyloid beta (Ap) in the periphery and decrease 
amyloid beta (Ap) levels in the brain of the individual 

22, The method according to claim 21 , wherein the 
derivative of the amyloid beta (Ap)-stainlng dye is 1 ,4-bis(3-carboxy-4- 
hydroxyphenylethenyl)-benzene and 5,5H(1.1' biphenyl)-4, 4-dlylbis(azo)} 
10 bis {2-hydroxybenzoic acid} disodium salt (chrysamine-G). 
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Levels of insulin-like growth factor I (ICF-I), a neuroprotective hormone, decrease in serum dur- 
ing aging, whereas amyioid-p (Ap), which is involved In the pathogenesis of Alzheimer diseasie, 
accumulates in the brain, i^igh brain Ap levels are found at an early age in mutant mice with low 
circulating ICF-L and AP burden can be reduced in aging rats by Increasing serum ICF-I. This op- 
posing relationship between serum IGF-I and brain Ap levels reflects the ability of IGF-I to induce 
clearance of brain Ap« probably by enhancing transport of Ap carrier proteins such as albumin 
and transthyretin into the brain . This effect is antagonized by tumor necrosis factor-a, a pro- 
inflammatory cytokine putatively involved in dementia and aging. Because ICF-i treatment of 
mice overexpressing mutant amyloid markedly reduces their brain Ap burden, we consider that 
circulating ICF-ils a physiological regulator of brain amyloid levels with therapeutic potential. 



Insulin and insulin-like growth factor I (IGF-I) are structurally re- 
lated circulating hormones. Although ttie lole of insulin as a criti- 
cal metabolic hormone has been known for decades, the biological 
significance of IGF-I is still uncertain. Classically, IGF-I was consid- 
ered the major mediator of the actions of growth hormone on pe- 
ripheral tissues'. However, recent evidence in mutant mice with 
low levels of serum IGF-I has challenged this view because the mice 
grow normally*. A somewhat unexpected role for this diculating 
growth factor on brain function is supported by recent observa- 
tions. For instance, serum IGF-I Is required for .many of the effects 
of physical exercise on the brain, including neuroprotection". 
Moreover, systemic IGF-I modulates adult neurogenesis and in- 
creases neuronal excitability^* Thus, circulating IGF-I is a physio- 
logically relevant neuroprotective factor with a wide spectrum of 
actions in the adult brain. 

Additional evidence In support of this idea comes from the ob- 
servations that many neurodegenerative conditions show altered 
levels of serum IGF-I, and that levels of serum and brain IGF-I de- 
crease with age — a well established risk factor for neurodegenera- 
tive diseases'^. For example, both insulin and IGF-I have been 
related to the pathogenesis of Alzheimer disease (AD) because af- 
fected patients show changes in these circulating hormones and an 
abnormal response to insulin, probably related to inhibition of in- 
sulin binding'^". Furthermore, insulin modulates cellular clear- 
ance of amyloid-P (AP)'* and IGF-I protects neurons against its 
toxic effects'*. It has been argued that the major factor leading to 
Increased brain levels of soluble amylold-p in AD patients is in- 
creased tissue accumulation rather than overproduction". Thus, 
impaired Ap clearance may be an important etiopathogenic factor 
in this devastating disease. However, the processes involved in Ap 
clearance from brain tissue are still poorly understood, although a 
relevant role is assigned to transport mechanisms at the 
blood-brain barriers (BBB). 



The BBB interfaces in the vascular endothelium and choroid 
plexus (CP) epithelial lining have been classically considered as 
anatomical and functional barriers for blood-borne macromole- 
cules". Nevertheless, several serum proteins that can bind soluble 
Ap penetrate into the brairi £com the bloodstream by receptor-me- 
diated transcytosis'*". Because IGF-I receptors are abundantly ex- 
pressed in the cells making up the barriers", blood-bome IGF-I 
could potentially affect barrier permeability to Ap carrier proteins. 
Therefore, we have explored the role played by IGF-I in brain Ap 
clearance and the possible Involvement of IGF-I in transport 
processes at the BBB interfoce. 

Serum IGF-I modulates brain Ap clearance 

To determine whether serum IGF-1 Influences brain AP under a bio- 
logically relevant condition, we used aging rats {>18-mo-old) that 
have increased levels of Ap in the hippocampus^' and compared 
them with young rats (Fig. la). IGF-I in aging rats was raised in 
blood and brain through chronic subcutaneous infusion (50 
^Ag/kg)^. We used western blotting and EUSA to determine Ap levels 
in the CP, cerebrospinal fluid (CSF) and forebrain. After IGF-I treat- 
ment, Ap levels in the hippocampus (Fig. la) and cortex (data not 
shown) of aging rats were reduced to those seen in young rats. Ap 
levels in the <^F of aged rats were increased by lGF-1 (Fig. lb). In the 
CP the opposite effect was seen; older rats showed high levels of Ap 
as compared with 3-month-old rats, and treatment with IGF-I re- 
stored Ap levels back to those seen in young rats (Fig. Ic). Gliosis as- 
sociated with aging^ was also eradicated by IGF-I treatment 
Reactive astrocytes expressing GFAP and vimentin are abundant in 
the cerebral cortex (Fig. Id) and hippocampus (data not shown) of 
aging rats. However, reactive astrocytes are scarce in IGF-I-treated 
rats (Fig. Id). Immunoblot quantification of GFAP levels in the cere- 
bral cortex (Fig.. Id) and hippocampus (data not shown) confirmed 
a marked reduction of this protein after treatment with IGF-I. 
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An opposing relationship between levels of circulating IGF-I 
and brain Ap may have a pathophysiological impact. Indeed, 
transgenic mice with a 60% decrease in serum IGF-I levels as a re- 
sult of liver-specific deletion of the IGF-I gene* (UD mice, which 



have 35 ± 3 ng/ml serum IGF-I versus 82 ± 7 ng/ml in control lit- 
termates) have prematurely increased brain levels of Ap (Fig. le 
and f). After one year, .Ap levels in the hippocampus and in the 
cortex of UD mice are significantly higher than in controls (Fig. le 
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Fig. 1 ICF-I modulates brain AP levels, a-c, Ap levels in the hippocampus 
(o), CSF (b) and CP (c) of aging rats are restored to those found in young 
animals after IGF-I treatment. Representative western blots of Api^ and 
corresponding densitometric measurements in the 3 brain compartments 
of young (■), aging (□) and aging ICF-l-treated (■) rats (n = 6 per group). 
*, P < 0.05; P < O.OT and P < 0.001 versus young animals. Ap,^ 
(1 |ig) was run as a marker in every gel. Samples were re-blotted with con- 
troi antibodies to assess equal protein load per lane, d. Gliosis associated 
with aging'*, as determined by antibody staining for CFAP (top) and vi- 
menttn (bottom) in brain frontal cortex astrocytes was ameliorated by IGF- 
I. Right gel. High levels of CFAP immunoreactivity in the cortex of aging 
rats were reduced by ICF-I (calbindin levels are shown for comparison), c 
and f, UD mice (□) have increased AP in the hippocampus (e) and cortex 
(0 at early age, as compared with control littermates (■). Significant in- 



tCF-i 



AP»^ 




creases were seen in 
t>oth areas in 1>y>old 
mice (n = 4 per group). 
*,P< 0.05; P < 0.01 
and P < 0.001 ver- 
sus respective ages in control littermates. Representative blots of 1-y-old 
brains are shown, g-l, Intraparenchymal injection of bApi_ao to young adult 
rats results in its accumulation in the cortex (g). Systemic administration of 
iCM before bApi^ injection results in disappearance of bAp^^ from the 
cortex and its appearance In CSF (h) and CPj(0. Upper gels. Blot with strep> 
tavidin to reveal bAp; lower gelsi, anti-Ap,^ was used to reveal total Api.^ 
bAPu« was run in parallel in each gel as a control. /, I.e. injection of tCF-l In- 
creases endogenous Ap levels in CSF in a time-dependent fashion (n > 4). 
P < 0.05 and P < 0.001 versus saline-injected rats. 



NATURE MEDICINE • VOLUMES • NUMBER 12 • OECeMBER 2002 



1391 



.ARTICLES 



a 



Control 



1 

c 

I 

I 

O 



t 



s 



J3 
Q. 
& 



CM 
O 



Tg2576 



Tg2576 + IGF J 





Cortex 

Tg 

Tg +ICP-1 AP,^ 



MAP 



Cortex 



Tg Api^ 



GFAP^ 



Cilbindia»> 



Tg 



Ifi 400 

Ifaoo 
f2 100 



Hippocampus 




§ I 2000 



J 1000 



Hippocampus 

Tg 

Control Tg -MGF.I A^,^ 



^■s=^800 
|| 600 
1 1 400 



Choroid plexus 

Tg 

Control Tg +1GF-1 Api^ 




Fig. 2 ICF-I decreases brain Ap burden in a model of AD amyloidosis, 
o. Amyloid deposits in pyriform cortex of g25 76 mice are reduc^ by s.c. 
ICF-I treatment. Human Ap in transgenic mice was detected with a human- 
specific antibody (6E10, top panels). Murine and human Ap were detected 
with an antibody that recognizes both human and murine Ap (middle). 
Amyloid deposits were revealed with Congo Red staining (bottom). Insets, 
Similar Ap-deposits were detected regardless of the antibody used. Note ab- 



sence of staining in control littermates. Magnification: large panels, xSO; in- 
sets, x1,000. h. Western-blot evaluation of Ap levels in the cortex, hip- 
pocampus and CP confirms that Ap is significantly reduced tsy ICF-I 
treatment In Tg2S 76 mice, c. High CFAP levels (gliosis) associated with brain 
amyloidosis are corrected by ICF-I both in the cortex and the hippocampus 
of Tg2S76 mice (n =• 3-9 per group). control; transgenic; trans- 
genic + ICF-I. *,P< COS versus control littermates. 



and /"). A possible explanation is that IGF-I modulates bralii Ap 
clearance; to test this, we injected biotlnylated APi^ (bAPi^ in 
the cerebral cortex of young adult rats. Two days before Ap injec- 
tion (60 nM)i a group of rats had received an Intracarotid (i.e.) In- 
jection of IGF-I (10 Jig per rat) that results in a 3-fold, increase in 
IGF-I levels^, or a saline control. One hour after injection, bi- 
otinylated Ap,^ was present at high leveb in the cortex of saline- 
injected rats but not detectable in IGF-I-injected rats (Fig. 1^). On 
the contrary, bAp,^ can be detected in the CP (Fig. l/i) and CSF 
(Fig. 10 one hour after brain Injection only in animals pretreated 
with IGF-L To confirm that IGF-I increases clearance of Ap, we 
studied its effect on endogenous Ap levek in the CSF. Notably, Lc. 

1392 



IGF-I increases CSF Ap levels in a tithe -dependent manner after 
the injection (Fig. 1/). 

To exploit the ability of IGF-I to lower brain Ap levels, we tested 
it in a mouse model of AD amyloidosis. Tg2576 mice overexpress- 
ing a mutant form of human amyloid precursor protein (APP695) 
show high brain levels of Ap peptides together with cognitive de- 
dine". Furthermore, like AD patients affected with this mutation", 
Tg2576 mice have lower seruin IGF-I leveb (57.6 ± 4 ng/ml in 
transgenics versus 78.4 ± 7 ng/ml In non-transgenic controk; P < 
0.05), which malces them well suited for IGF-I therapy. After one 
month of treatment with IGF-I, SDS-soluble brain Ap levels as well 
as Ap staining in the brain parenchyma of 1-y-old Tg2576 mice 
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Fig. 3 IGF-I modutates the permeability 
of the brain-CSF barrier to albumin, an ^ 
carrier protein, a. I.e. injection of ICF-I to 
adult rats 1 b before i.c. injection of DIC- 
labeled albumin (DIC-AIb) Induces pas- 
sage of serum labeled albumin to the CSF 
in a time-dependent manner. No passage 
of labeled albumin is seen in saline-in- 
jected rats (control), b, Ap western-blot 
(WB) analysis of albumin (Alb) immuno- 
predpitates (IP) from mouse cerebral cor- 
tex and Nppocampus (upper panel). Of 
the total immunoprecipitable brain 
19% was bound to albumin, as deter- 
mined by western blot to detect Ap in al- 
bumin or Ap immunoprecipitates from mouse cortex (lower pand). Control 
experiments show the speclfidty of the anti-albumin (middle paneO and 
anti-AP (lower panel) immunopredpitates for their respective antigens. A 
similar (middle panel) or 1 0-fold (lower panel) higher concentration of nor- 
mal serum igCs from non-Immunized rabbits fails to detect antigen. A liver 
extract was run as a positive control for albumin. Synthetic A^^ arnJ A^,^ 
(1 ]Lg) were run in parallel lanes, c. Choroid plexus cells (identified with 
synaptophysin, green) accumulate labeled* albumin (red) after i.c injection 
of ICF-I (right panel) but not after saline (left). Arrowheads indicate albumin- 
stained CP cells, d. Levels of endogenous albumia are upregulated in the 
CSF (topX CP (middle), and brain cortex (bottom) of IGF-l-injected rats In a 
time-dependent manner (n - 3). e. Albumin western-blot analysis of Ap im- 
munoprecipitates from CSF (upper panel) and senjm Qower paneO obtained 
from young adult rats injected i.c. with ICF-1 or saline (control). 48 h after 



h 




iCF-l injection, the amount of albumin bound to is Increased, f. In vitro 
transcytosis of DIC-albumin through a CP epithelial monolayer is markedly 
potentiated by IGF-1. Addition of IGF-1 to the upper chamber of the CP cul- 
tures together with DIC-albumin induces accumulation of labeled albumin 
in the lower chamber in a time-dependent manner. As seen in vivo, cultured 
CP epithelial cells accumulate DIC-albumin upon exposure' to ICF-1 (lower 
photomicrographs). Synaptophysin-positive epithelial cells (green) stain 
with anti-digoxigenin antibodies only after ICF-1 (red). Left, control; right, 
IGF-1 . Arrowhead indicates digoxigenin-labeled cell, g, Accumulation after 
ICF-I of DIC-albumin in the lower chamber of cultured CP cells Is inhibited in 
a dose-dependent manner by NEM. A, Exposure of CP mortolayers to ICF-1 
does not alter perimembrane distribution or Tyr-phosphorylation of the 
tight-junction protein ZO-1. Left, control; right, ICF-1. Gel shows western 
blot with anti-pTyr of Z6-1 immunopredpitates. 



were significantly reduced (Fig. 2a and b), whereas levels of Ap in 
the CP tended to normalize (Fig. 2h). Stereologlcal analysis of brain . 
amyloid stained with an antibody that recognizes both endoge- 
nous (murine) and transgenic (human) Ap peptides (MBL) (Fig. 2a) 
indicated that treatment with IGF-I reduces the percentage of brain 
parenchyma stained with amyloid. Although no A? staining was 
found in non-transgenic mice (n = 6), amyloid staining In Tg2576 
mice treated with IGF-I (w = 5) showed a 49% decrease in hip- 
pocampus (CAl and dentate gyrus; 3.5 ±0.2% in untreated Tg2576 
mice (rt = 4) versus 1.8 ± 0.4% in IGF-I-treated, P < 0.05), a 60% de- 
crease in parietal cortex (15.7 ± 0.6% in untreated transgenics ver- 
sus 6.3 ± 0.6% in treated, P < O.OOOl) and a 30% decrease in the 
pyriform cortex (10.0 ± 3.4% in untreated versus 7.0 ± 3.0% in 



treated mice, P - 0.05). Further analysis with a human -specific an- 
tibody against Ap (E610) (Fig. 2a) gave qualitatively similar results: 
a 37% decrease In amyloid staining in the pyriform cortex (19.1 ± 
0.9% in saline-treated Tg2576 mice versus 12.2 ± 0.8% in IGF-I- 
treated, P < 0.05). We also used Congo Red to detect amyloid de- 
posits and found fewer and smaller deposits after IGF-I treatment 
(Fig. 2a). In addition, forebraln gliosis in Tg2576 was decreased 
after IGF-I as high levels of GFAP in the cortex and hippocampus 
were significantly reduced (Fig, 2c). 

To better quantify changes in APi-« and Ap^-a after IGF-I, we 
measured them by ELISA in additional groups of animals. 
Ckinfitming the results obtained with the immunoblots, aging rats 
treated with IGF-I had a 90% decrease in brain APi^ 134 ± 127 
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Fig. 4 IGF-I increases brain levels of 
transthyretin, an Ap carrier protein, o, Ap 
western-blot analysis of transthyretin tm- 
munoprecipitates from mouse cerebral cor- 
tex and hippocampus. Synthetic Ap,^ and 
Api^ were run in parallel lanes, h-d. In vivo 
i.e. administration of ICF-I induces time-de- 
pendent increases in transthyretin levels in 
the CSF (b), brain cortex (c) and CP (cO of 
adult rats (n = 3). ^ P < O.OS versus saline-in- 
jected controls. transthyretin control (run 
in every gel). «, Transthyretin westem-btot 
analysis -of Ap immunbprecipitates from CSF 
(upper panel) and blood (lower panel) of 
young adult rats injected i.e. with IGF-I or 
saline (control). Note that 48 h after ICF-I in- 
jection, the amount of transthyretin bound 
to Ap is increased. 
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pmol/g of hippocampus in aged IGF-I-treated rats (n = S) veisus 
1431 ± 1,151 in untreated aged rats.(n = 5), (youi^g rats (« = 4) had 
118 ±.74 pmol/g) and a 99% decrease in brain AP.^ (10.9 ± 4 
pmol/g in IGF-I-tieated veisus 1,181 ± 1,335 In imtreated rats, P < 
0.05) (young controls had 127 ± 98 pmol/g). On the contrary, as 
was also seen by unmunoblotting, CSF APt-«> and Api^ were in- 
creased after IGF-I treatment. Levels of CSF APi^ were 1,920 ± 121 
pM in IGF-T-treated versus 626 ± 71 In untreated aged rats, P= O.OS; 
young controls had 2,209 ± 109 pM, Levels of CSF A^i^ were 950 ± 
102 pM in treated veisus 539 ± 69 in untreated; young controls had 
1,088 ± 97 pM. Similarly, Tg2576 mice treated with IGF-I had an 
89% reduction In human Ap,^ In their hippocampus: 187 ±182 
pmol/g in IGF-I-treated Tg2576 mice (n = 4) versus 1,705 ± 255 in 
untreated mutants (P < 0.05). IGF-I-treated Tg2576 mice also had a 
100% decrease In human A^i^: undetectable levels in IGF-I- 
treated mice Versus 1,194 ± 41 in untreated Tg2576 ihice (P < 
0.001). Control littermates (n = 5) had undetectable levels of 
human Ap,^ and Api^. In addition, IGF-I-deficient raice^how a 
marked increase in both brain Ap forms; levels of Ap,_K) were 919 ± 
164 pmol/g in UD mice (n = 4) versus 128 ± 12 in control Utter- 
mates (fi = 5, P = 0.01). Levels of Ap,^ were 593 ± 125 pmol/g in 
LID mice versus 87 ± 20 in controls (P < 0.05). 

IGF-I modulates CP permeability to Ap carrier proteins 

While exploring the effects of IGF-I on the permeability of the 
blood-CP barrier we found that transport of labeled albumin from 
the bloodstream into the CSY was greatly enhanced by systemic in- 
jection of IGF-I (10 ^lg per rat, 1 h before albumin injection) (Fig. 
3fl). Changes in the permeability of the barrier to serum proteins 
may underlie increased Ap clearance by IGF-I, because serum pro- 
teins such as albumin might transport Ap peptides". Indeed, brain 
albumin co-immunoprecipitated with endogenous Ap (Fig. 3b). Of 
the total brain Ap that could be immunopreclpltated, 19% was 
bound to albumin (Fig. 3b). This agrees with recent findings indi- 
cating that albumin binds to Ap in vitro^. We therefore analyzed 
the mechanisms underlying IGF-I actions on albumin transport 
across the CP. Rats receiving a systemic Injection of dlgoxigenin-la- 



beled albumin (10 ^g) 1 hour after IGF-I accumulated it in CPlcells 
(Fig. 3c). To determine the physiological implications of this obser- 
vation, we assessed whedier transport of endogenous serum albu- 
min, across the CP is affected by IGF-L Indeed, albumin levels 
increased in the CSF and CP after systemic IGF-I administration 
(Fig. 3d). This leads to accumulation of albumin in brain cortex at 
later times (Fig. 3d). Significantly, increased entrance of albumin 
after IGF-I Is paralleled by increased levels of Ap bound to albumin 



Table 1 Serum IGF-i levels regulate brain levels of 
albumin and transthyretin 



Animal model 


Area ■ 


Albumin 
(% control) 


Transthyretin 
(% control) 


Aged rat 
+ IGF-I 


CSF 


9.4 ± 3.5** 
123 ±37.5 


17 ± 2.6*- 
92.3 ±10.8 




Choroid plexus 


1 7.9 ± 2.2" 
100.9 ±7.2 


35 ±3.5** 
89.6 ±11 




Hippocampus 


30.6 ± 6.2** 
71 .5 ±8-3 


35 ±3.5' 
n 7.4 ± 32.2 


Tg25 76 mouse^ 
•1^ ICF-I 


Cortex 


0.9 ± 0.5** 
59.7 ±2.9*. 


22.7 ±2.7* 
85.5 ±24.6 




.Choroid plexus 


28.7 ±1. 6* 
97.7 ±9.6 


23.8 ±2.8* 
92 ±20 




Hippocampus 


44.2 ± 1 .8* 

80.7 ±5.6 


56.4 ±9.3* 

96.7110 


LID mouse' 


Cortex 
Choroid plexus 
Hippocampus 


46.2 ±5.6** 
45 ± 4- 

60.3 ± 8.9* 


37:7 ±4.35-* 
27.6 ± 5.6*** 
62.6 ± 3.6** 



Data are expressed as mean ± $.cm. Controls are 3-mo-old rats; rt = 6. Controls are 
non-transgenic littermates; n « 3-9. \ Controls are Lox*^ littermates n ss 4. *, P < 0.05; 
•*, P < 0.01 ;—,P< 0.001 
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Fig. 5 TNF-a antagonizes the effects of IGF-I. a. 
Exposure of CP monolayers to TNF-a 1 h before addition 
of ICF-) and DIC-albumin disrupts IGF-I Induced transcyto- 
sis of-labeled albumin determined 1 h and 24h sifter ICF>I. 
DIG-albumin: digoxigenih-albumtn run in parallel. A simi- 
lar effect is seen after in Wm> i.c. injection of TNF-a given 
1 h before ICF-I (n » 4). b and €, TNF-a abrogated the iCF-l-induced increase 
in CSF (b) and CP (c) albumin determined 1 h later, d and e, SimilaHy, 
transthyretin levels in CSF (d) and CP (e) did not increase after simultaneous 
i.c. injection of TNF-a and ICF-I (r? = 4). f. Stimulation of brain Ap clearance 





by I.e. ICF-I, as determlr>ed by increased Ap levels in the CSF, is blocked by . 
administration of TNF^ (n = 4). Apu4o: run in parallel. .*P < 0.05. **P< 0.01 
and ***P < 0,001 versus controls, or as indicated. In b-f: ■, control; CI, TNF; 
■, IGF-1 ; a, TNF+IGF-1 . 



both in the CSF and in blood (Hg. 3e). Hiis indicates that IGF-I fa- 
vors the enttance of albumin into the brain. In turn, increased 
availability of albumin may enhance tianspoit of brain Ap to the 
blood stieam thibugh its binding to albumin. 

We examined in further detail the IGF-I-induced transport of al-* 
bumin across CP cells using a double-chamber culture ^tem that 
mimics the blood-CSF interface. Choroid plexus monolayers 
transcytoscd albumin (1 jig/ml) in response to IGF-I (1 x 10*' M), as 
indicated by cytosoUc labeling of the cells and accumulation of la- 
beled albumin in the lower culture chamber (Fig. 3f). Thb process is 
dependent on endocytosis as it is blocked by the endocj^osis 
blocker W-ethyl maleiraide (NEM) (10-100 jiM) (Fig. 3g), The effect 
is specific because the permeability of the CP monolayer to inulin, 
which uses a paraceliular route, or glucose, which uses a transport- 
specific system across the cells, are not affected by IGF-I (data not 
shown). IGF-1 did not affect the functional and anatomical integrity 
of the epithelial barrier because neither the peri-plasma mernbrane 
localization of the tight junction-associated protein ZO-1 nor its 
rate of tyrosine phosphorylation are affected by IGF-I (Fig. 3^). 

Albumin is transcytosed across epithelia through the multiligand 
complex megalin-cubiiin that participates in transport of other 
senim proteins probably Involved in brain Ap clearance such as 
transthyretin^'-^'. As with albumin, endogenous Ap co-immuno- 
precipitates with transthyretin (Rg. 4a), Whereas albumin preferen- 
tially bound to AP,^ (Fig. 3b), transthyretin mostly bound to APi^j 
(Fig. 4fl). We explored whether IGF-I modulates brain levels of 
transthyretin. IGF-I (i.c.) inaeased levels of transthyretin in the CP, 
CSF and brain cortex of adult rats (Fig. 4b-<i), Increased brain levels 
of transthyretin after IGF-1 paralleled increased AP bound to 
transthyretin in CSF and in blood (Hg. 4e). The latter finding sug- 
gests that transthyretin is also involved In IGF-I-induced transport 
of Ap out of the brain. In agreement with these observations, we 
found that reduced Ap burden after IGF-I treatment of either aging 
rats, mice overexpressing mutant APP or LID mice is paralleled by 
. increased brain levels of albumin and transthyretin (Table 1). 



TNF-a antagonizes the effects of IC F-l 

To further analyze the modulation of brain Ap by IGF-I we ex- 
plored the role of tumor necrosis factor-a (TNF-a). We focused on 
THB<L for two reasons. First, this pro-inflammatoiy cytokine blocks 
IGF-I effects on several target cells, including neurons^. Second, in- 
creased levels of TNF-a (and other pro-inflaihmatory cytokines) 
have been suggested to participate in age- and neurodegeneration- 
associated brain impairment®-*. Indeed, serum levels of TNF-a in 
aging rats and Tg2576 mice were 40% and 124% higher than those 
of yoimg rats and control littermates, respectively: 3 16 ± 1 30 pg/ml 
of TNF-a in 18-month-oId rats versus 225 ± 95 pg/ml in 3-month- 
oid rats, and 1041 ± 480 pg/ml in Tg2576 mice versus 463 ±132 
pg/ml in controls. 

We found that TNF-a (10 ng/ml) blocked IGF-I-induced passage 
of labeled albumin through a CP monolayer (Fig. Sa). More no- 
tably, i.c. administration of TNF-a (500 ng per rat) 1 hour before 
IGF-1 blocked passage of albumin through the CP barrier, as deter- 
mined by decreased levels of albumin in the CSF and the CP of 
adult rats (Fig. Sb and c). TNF-a (Lc.) also counteracted the effects 
of systemic IGF-I on transport and production of transthyretin by 
the CP (Fig. 5^0* resulting in lower levels of 
tranthyretm in the CSF (Fig. Se). These results were paralleled by in- 
hibition of the IGF-I-induced accumulation of soluble Ap in the 
C:SF at later times (48 h after IGF-I), when TNF-a is given 2 hours 
before IGF-I (Fig. 5^. Therefore, TNF-o blocks the stimulatory ef- 
fects of IGF-I on Ap clearance. 

Discussion 

Our flndings indicate that serum IGF-I modulates brain levels of 
Ap, a protein of unknown biological function but related to the 
pathogenesis of AD dementia". IGJF-1 also modulated brain avail- 
ability of albumin and transthyretin, two proteins that bind Ap. 
Upon systemic IGF-I administration, brain levels of these two pro- 
teins increased and the amount of Ap bound to them Increased In 
the CSF and in.the blood.' In addition^ in all experimental models 
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tested, higher brain levels of tranthyretin and albumin after IGF-I 
administration correlated with higher Ap In the CSV and lower Ap 
in the brain. By contrast, low serum IGF-I was linked to premature 
brain amyloidosis and low brain levels of transthyretin and albu- 
min. Furthermore, TNF-a antagonism of IGF-l-mediated enhance- 
ment of barrier permeability to albumin and transthyretin 
paralleled its blockade of the beneficial effects of IGF-I on brain Ap 
burden. Therefore, IGF-I may reduce brain Ap load, at least in part, 
by enhancing its clearance through carrier proteins such as albu- 
min and txansthyretin. 

These data suggest that age-rfelated brain amyloidosis is linked to 
low serum IGF-I (ref. 8). In addition, high TNF-a levels during 
aging and in AD (refs. 29,30 and present observations) may also 
contribute to amyloidosis. TNF-a participates in the inflammatory 
process associated with AD (ref. 30), disrupts brain-barrier proper- 
ties" and antagonizes other actions of IGF-I in the brain". 
Therefore, accumulation of brain Ap in aging and dementia may 
involve impaired Ap clearance stemming from Interference of 
TNF-a with the actions of IGF-I at the level of the BBB. Since IGF-I 
is beneficial in age- and AD-related brain disturbances'*^, we sug- 
gest that serum IGF-I is involved in physiolo^cal and pathological 
brain aging. Notably, the IGF-I/insulin pathway seems rdated to 
aging very early in phylQgeny**. 

Although the ability of IGF-I to regulate albumin and 
transthyretin passage through the CP may be relevant to several as- 
pects of CP physiology, we will focus on its relationship to neuro- 
protection. The CP epithelium expresses the membrane complex 
cubiUn-megalin that translocates into the CSF several serum pro- 
teins able to transport Ap (refs. 26,27,35). Albumin crosses the CP 
barrier and accumulates in the CSF and brain fiarenchyicna under 
pathological conditions. This may pos^bly explain the neuropro- 
tective role of albumin in the injured brain". Nevertheless, we sug- 
gest that increased albumin passage induced by IGF-I does not 
reflect a dysfunction of the barrier properties of the CP q>ithelium 
as in pathological circumstances such as inflammation". In sup- 
port of this, IGF-I did not produce a generalized Increase in epithe- 
lial permeability, as indicated by lack of passage of inulin or 
glucose, and reduced passage of leptin (data not shown). Moreover, 
our in vitro experiments suggest that epithelial tight-junction sta- 
bility, which accounts for the barrier properties of the CP epithe- 
lium", was not compromised by IGF-I. Hence, it is possible that . 
regulation of CP transcytotic albumin passage by serum IGF-I is im- 
portant for the neuroprotective actions of IGF-I. For example, low 
albumin levels in brains of aged rats or Tg2576 mice may be related . 
to the observed decrease in serum IGF-I and consequently, to re- 
duced Ap clearance. Thus, IGF-I may be a physiological modulator 
of the passage of albumin into the brain, under normal as well as 
pathological circumstances. 

Transthj^etin is a wide-spectrum carrier protein involved in 
retinol, thyroid hormone and Ap transport". Mutations in this 
protein underlie vascular amyloidosis^', a metabolic disease leading 
to polyneuropathy and vascular derangements. CP cells not only 
aUow the transport of liver-derived transthyretin from the blood 
into the brain, but also secrete large amounts of this protein*^. To 
our knowledge, there is no known modulatory mechanism ac- 
counting for regulated secretion/transcytosis of transthyretin by 
the CP. Our present findings provide a possible modulatory signal: 
circulating IGF-1. Although our observations link IGF-I regulation 
of brain transthyretin levels to brain Ap load, It is likely, that other 
biological correlates of the actions of transthyretin, such as brain 
levels of thyroid hormone^, will also be affected by serum IGF-I. 
This requires further study. 



In summary, serum IGF-I increases clearance of Ap in the brain 
and upregulates brain levels of Ap carriers such as albumin and 
transthyretin. Of note, not only AD patients, but also Down syn- 
drome patients that develop premature brain amyloidosis, have 
low serum albumin and transthyretin leveb**. In view of the nu- 
merous protective actions exerted by IGF-I in the brain, we cannot 
eliminate albumin and transthyretin-independent offects of IGF-I 
leading to increased Ap clearance. Possible effects include increas- 
ing Ap transport at the cellular level, as recently reported for in- 
sulin" or modulating AP-degrading proteases; the latter process 
suggested to be central in pathological accumulation of Ap (ref. 
16), Regardless of the mechanisms involved, we propose that ad- 
ministration of IGF-I may be of therapeutic vahie in treatment and 
prevention of brain amyloidosis in humans. 

Methods 

tn vivo treatments. Adult (3-mo-oId) and aging (>18-mo-o!d) Wistar rats 
were from our inbred colony. LID mice were generated using the Cre-Lox 
system under the control of the albumin promoter'r LID mice have de- 
creased serum IGF-I levels but normal postnatal growth*, Lox*^ (not ex- 
pressing Cre-recombinase) littermates were used as controls. The Tg2S76 
line overexpressing human APP69S containing the double mutation 
K670N, M671 L under the control of the prion protein promoter^ was used 
as a model of AD amyloidosis. These mice show AD-^e neuropatiiology In 
an age-dependent fashion^. At 1 year, Tg2576 mice show elevated levels of 
APi^ the major soluble form of brain amyloid. Age-matched non-trans- 
genic littermates were used as controls. ICF-1 (CroPep, Adelaide, Australia) 
was administered either acutely as a bolus injection into the carotid. artery 
(lO^g/rat)' or chronically, using minipumps (Alzet2004 in rats and ! 002 In 
mice, at 50 (ig/kg, equivalent to 12 jig/rat/day; Alzet, Cupertino, 
CaKfomia), as described'. TNF-a (500 ng/rat, PreProTech, London, UK) was 
Infected through the carotid 1 h before IGF-I. Digoxigenin-labeled albumin 
was infected i;c. 0 0 |ig/rat) 1 h after IGF-I. Albumin was labeled with dlgox- 
igenirv3-0-methylcart>onyl-amtnocaproic-acid*A^hydroxy-succinimide ester 
(Boehringer, Germany) as described'. Biotinylated-APi^ (60 nM, 2 jJ) was 
infected in the cerebral cortex of 3-mo-old rats (stereotaxic coordinates: 0.9 
anterior from bregma, 1.9 lateral and 2.5 mm ventral*')- Ap,^ 
(Calbiochem, San Diego, California) was biotinylated with EZLink-Biotin 
(Pierce, Rockford, Illinois) following the manufacturer's instructions. 
Control mice received saline. CSF samples (150 ^xi) were collected under 
anesthesia from the cistema magna. Mice were then perfused'transcardlally 
with saline or paraformaldehyde for biochemical and immunocytochemical 
analysis, respectively. All animal procedures followed regulatory guidelines 
of the Spanish Ministry of Agriculture as determined by EU directh^e 
86/609/EEC. 

Choroid plexus cultures. Epithelial ceil monolayers were prepared as de- 
scribed*^. Choroid plexuses were dissected, enzymatically digested and fil- 
tered. Cells were collected and plated In a two-chamber culture well 
(Becton-Dlckinson/Franldin Lakes, New Jersey) with irmtlin (5 jig/ml), transfer- 
rin (5 ^g/ml), sodium selenite (5 ng/ml), epidemiargrowth factor (10 ng/ml), 
bask fibroblastic growth factor (5 ng/ml, Boehringer), hypoxanthlne (500 
^M) and 10% FBS (Cibco, Barcelona, Spain). Plates were coated with coHagen 
(Becton Dickinson) and 1 0 pg/ml taminbi. Barrier properties of the monolayer 
were determined by its electrical reslstarKe and permeability characteristics. 
The resistance of a chamber membrane without cells was ~20 n while that of 
the epithelial monolayer was 1 50 Q, similar to that seen in vivd". Permeability 
was assessed by a diffusion assay using f *C]-cart3oxylated inulin (Amersham, 
Buckinghamshire, UK) as a paracellular maricer and ["C)-l-D-glucose 
(Amersham) as a transcellular mark^. Inulin, which cannot cross the tight- 
junction bam'er, shows negligll>l,e diffusion (0.94% of the coeffident of perme- 
ability of a ceB-free culture wdO, whereas glucose, which has a regulated 
transcytotic passage, shows a 1 2.5% coeffident of permeabilHy. For the exper- 
iments, cells were grown to'corifluence for 5-7 d, serum-stan/ed for 4 h, and 
DIG-albumin (1 ng/ml), IGF-I (1 x 1 0-' M) or TNF-a (1 0 ng/ml, 1 h before IC^^- 
I) was added to the upper chamber. Culture medium in the lower chamlier 
was coDected at various time points. Cells were either fixed for immuno^to> 
chemical assay or homogenized for immunoblot determination.* 
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Immunoassays. Westem-blpt analysis and Immunopredpltation were per- 
formed as described*^. Samples were solubilized in NP-40-containing and 
then 2% SDS-containing buffers, electrophoresed and blotted. A rabbit anti- 
body against A0 (MBL, Nagoya^ japan) that recognizes rodent and human N- 
terminal Ap fomns was used for - immunoprecipitations. 
Streptavidin-peroxidase was used to reveal biotinylated-Ap and anti-dlgoxi- 
genin for digoxigenln-labeled albumin. Membranes were stripped and re- 
blotted with either anti-caibindin (Swant, Bellinzona, Switzerland) or 
antibodies to tCF-l receptors" to assess protein bading. 
Immunohistochemtstry and stereological analyses were done as descritjed*! 
For detection of Ap deposits, brain sections were pre-incubated in 88% 
formic add. To determine Ap burden in Tg2576 mice, we also used a humarv 
specific antibody to Ap (6E1 0; Sigma). Results are expressed as percentage of 
brain area covered with amyloid. Amyloid deposits in parenchyma were also, 
evaluated with Congo Red staining. Ap sandwich EUSAs were performed as 
described^. For detection of human Ap, we used the 6E1 0 antibody In the 
first layer and ant^pi^ or anti-Ap,^ (Calbiochem) in the top layer. For ro* 
dent Ap, we used the 4C8 antibody (Sigma), which recognizes both rodent 
and human Ap, in the first layer and the same antibodies against Api.^^ and 
APi^ respectively, in the top layer. To quantify both soluble and insoluble 
forms of Ap, samples were extracted with formic add and centrif uged at high 
speed, and supematants were assayed, as described^*. A TNF-a EUSA was 
performed in serum samples following the manufacturer's instructions 
(Chemicon, Temecula, California). Antibodies used were monodonal anti- 
digoxigenin (Boehringer), anti-sinaptophysin, anti-CFAP, anti-Vimentin 
(Boehringer), anti-pTyr (Transduction Labs« Lexington, Kentuclcy) and poly- 
donal anti-ZO-1 (Santa Cruz, Santa Cruz, CanfomiaX anti-albumin (Bethyl, 
Montgomery, Texas), and anti-transthyretin (Santa Cruz); all were diluted 
1 :500-1 :1 000. Secondary antibodies used were Alexa-coupled (MdectJlar 
Probes, Eugene, Oregon). Non-immune normal rabbit serum was used as a 
control for immunopiedpitation studies. 
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Abstract Soluble Ap (Sa^) is normally present at a low 
concentration in human plasma and cerebrospinal fluid. Although 
the factors uivolved in the regulation of Sap plasma levels are 
still unknown, we have explored its excretion in the urine as one 
of the possible homeostatic mechanisms. The presence of Sap in 
the urine was investigated via immunopredpitation- experiments 
with anti-Ap antibodies followed by detection and identiflcation 
by immunoblot, MAJLDI mass spectrometry and sequence 
analysis. Soluble Ap (4.3 kDa) imraunoreactivity was present 
in the urine of normal donors, Down's syndrome individuals as 
well as in patients with renal disorders exhibiting glomerular or 
mixed proteinuria. Edman degradation of the immunoprecipi- 
tated material yielded the intact Ap N-terminus and mass spectra 
analysis indicated the existence of a major component at mlz 
4327, corresponding to the molecular mass of Apl-40. Semi^ 
quantitative data obtained from the immunopredpitation experi- 
ments indicate that under normal conditions the daily excretion 
of intact Sap in the urine .represents less than 1% of the 
circulating pool. 

(§> 1997 Federation of European Biochemical Societies. 

Key words: Alzheimer's disease; Down's syndrome; 
Proteinuria; Sap 



1. Introduction 

Amyloid beta (Ap) is the major constituent of the fibrils 
deposited into senile plaques and cerebral blood vessels of 
patients with Alzheimer's disease (AD), Down's syndrome 
(DS), Hereditary Cerebral Hemorrhage with Amyloidosis of 
Dutch origin and normal aging (reviewed in [1]). Although 
originally thought to be an aberrant degradation product of 
its precursor molecule pPP, this peptide is now known to be a 
normal soluble component (Sap) present at very low concen- 
tration in plasma and cerebrospinal fluid (CSF) [2-5]. The 
major form of Sap, Apl-40, is homologous to the amyloid 
protein extracted from cerebrovascular lesions, although mi- 
nor Sap species with heterogeneity and length similar to the 
Ap components deposited in senile plaques were also found in 
circulation [5,6]. Soluble Ap was also described as a normal 
component in brain parenchyma, from where il can be ex- 
tracted in aqueous solutions. Interestingly, when soluble frac- 
tions of AD and DS brain homogenates were compared with 
control brains, an increased amount of Sap was detected [7,8]. 



♦Corresponding author. New York University Medical Center, 
550 First Avenue, Room TH-432, New York, NY 10016, USA, 
Fax: (212) 263-6751 



This increase appears to precede the appearance of Ap depos- 
its [9]. suggesting that Sap species may indeed represent im- 
mediate precursors of the deposited fibrils. However, the ori- 
gin of the Ap deposited in the brain is still debatable; it may 
be locally synthesized, it may come from the circulation, or a 
combination of both sources. 

Soluble Ap circulates in plasma associated mainly with lip- 
oprotein particles, specifically high-density lipoproteins 
(HDL), co-localizing with apolipoproteins J (apoJ), E 
(apoE) and A-I (apoA-I) [10]. All these apolipoproteins ex- 
hibit high binding affinity for Ap peptides [11-13]. ApoJ, in 
particular, displays a very high-affinity interaction for non- 
aggregated forms of the AP peptides and has been shown to 
maintain and stabilize the peptide solubility in vitro [14]. Sev- 
eral lines of evidence indicate that the blood-brain barrier 
(BBB) has the capability to regulate the brain uptake and 
clearance of Sap. For the brain uptake, at least two different 
receptor-transport mechanisms have been identified. One in- 
volves the peptide. when it is complexed to apoJ, a proposed 
carrier molecule for circulating Sap species. A 36-fold higher 
uptake than that of the extracellular space marker sucrose was 
found for the complex Ap-apoJ in the guinea pig vascular- 
brain perfusion model. The receptor implicated in the BBB 
transport was identified as gp330 or megalin, the receptor for 
apoJ [15]. The other receptor transport mechanism pertains to 
the uptake of free Ap peptides and was studied in guinea-pigs 
[16,17], squirrel monkeys [18], mice [19] and rats [20]. The 
uptake of the free peptide, although one-fourth of that of 
the complex Ap-apoJ, is saturable and specific in the guin- 
ea-pig brain perfusion model, compromising cell surface mol- 
ecules that are not yet fully identified.. One possible candidate 
is the receptor for advance glycation-end products (RAGE), a 
recently described receptor for Ap species [21]. 

The BBB also appears to regulate the clearance of brain 
Sap species. Infusion of ^^^I-labeled Apl-40 into one lateral 
ventricle in the rat brain has shown that in as little as 3.5 min . 
30% of the peptide was cleared from ventricular CSF. Ten 
minutes after infusion '^70% of the radioactivity disappeared 
from the brain and was recovered in the blood, liver, kidney 
and urine [22]. In order to clarify to which extent the urinary 
excretion of Sap might be an important mechanism for Sap 
clearance from the circulation, we have investigated its pres- 
ence in urine from normal donors, in specimens from DS 
patients with normal levels of urinary proteins as well as in 
samples from individuals with different degree of glomerular 
or mixed glomerular-tubular proteinuria. Down's syndrome 
urines were studied since it is known that plasma Sap levels 
are elevated in these patients [23]. The ihethodology used 
herein, immunoprecipitation, immunoblot analysis, matrix-as- 
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sisted laser desorption/ionization mass spectrometry (MAI^ 
DI-MS) and N-terminal sequence clearly identified the 
presence of Apl-40 as the major Sap specie of human 
urine. 

2. Materials and methods 

2.1. Samples 

Twenty-four-hour urine. specimens were collected from two normal 
donors (proteinuria <5 mg/dl), three patients with gloraerular pro- 
teinuria (210-600 mg/dl), five patients with mixed glomerular-tubular 
proteinuria (7-420 mg/dl) and seven cases of DS (proteinuria < 5 mg/ 
dl). DS urines were kindly provided by Dr. K. Wisniewski (Institute 
for Basic Research at Staten Island) from well-characterized patients 
who had been subjected to chromosomal analysis. All samples were 
dialyzed against distilled water using 1000 Da cut-olf membrane and 
lyophilized prior to use. 

2.2. Immunoprecipitation 

Fifty microliters of paramagnetic Dynabeads M-450 coated with 
goal anti-mouse IgG (Dynal) were allowed to interact for 3 h at 
room temperature with a mixture of 3 p.1 of monoclonal antibody 
6E10 (anti-A3 M7; Senetek) and 3 pi of monoclonal antibody 4G8 
(anti-Ap]7-24; Senetek). After incubation, unbound antibody was 
removed by washing the beads with 10 mM phosphate (Ph 7.4) con- 
taining 150 mM NaCl (PBS) and 0.1% bovine serum albumin. For the 
immunoprecipitation experiments, 5 mg of urinary proteins were solu- 
bilized in 1 ml of PBS. added to the tube containing the paramagnetic 
beads coated with anti-Ap antibodies and incubated overnight at 4**C. 
After the incubation, the beads were washed 3 times with PBS, resus- 
pended in Laemmli sample buffer and loaded onto the SDS-poIyacryl- 
amide gel. Alternatively; the beads were eluted with 10 ^1 of isopro- 
pylic alcohol/water/formic acid (4:4:1) mixture and analyzed by 
MALDI-MS. 

2.3. Immimoblot analysis 

Immunoprccipitated samples were separated on Tris-Tricinc 16% 
SDS-PAGE and electro blotted onto nitrocellulose membrane (Bio- 
Rad) using 3-cyclohexyIamino-lrpropane$ulphonic acid (pH 11) con- 
taining 10% methanol. Membranes were blocked for I h with S% low- 
fat milk in PBS containing 0.05% Twccn-20 and incubated overnight 
with monoclonal 6E10 (1:500), followed by horseradish peroxidase- 
labeled goat anti-mouse F(ab')2 (1:2000; Amersham). Immunoblots 
were visualized with an enhanced chemiluminescence (ECL) detection 
kit and exposed to Hyperfilm ECL (Amersham). The intensity of the 
bands was semi-quantitatively evaluated using a Umax Power-Look 
scanner and the NIH Image ] .60 software.' 

2.4. Sequence analysis 

Twenty milligmms of urinary proteins from two cases of mixed 
glomerular-tubular proteinuria were separated on Tris-Tricine 16% 
SDS-PAGE and tran.sferrcd to polyvinylidenc difluoride membranes 
(Immbbilon P. Milliporc) using the same conditions described above. 
After transfer, the membrane was stained with Coomassie Blue and 
the 4.3 K.da protein bands were excised and sequenced on a 477A 
protein sequencer (Applied Biosystems). 

2.5. MALDI-MS 

Soluble Ap from the urine samples immunoprecipitated as de- 
.wribed above was eluted from the beads in 10 |il of water/isopropyl 
alcohol/formic acid (4:4:1) and subjected to MALDI-MS using the 
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Fig. 1. Western Blot analysis of inmiunoprecipitatcd Sa|3 from urine 
samples. Fluorograms of the Sa^ immunoprecipitated (arrowhead) 
from 5 mg of urinary proteins from normal donors (lane 1), Down's 
Syndrome (lane 2) and non-demented individuals with glomerular 
(lane 3) or mixed proteinuria (lane 4). For comparison, lane 5 dis- 
plays the immunoreactivity of 10 ng of synthetic peptide Apl-40 im- 
munoprecipitated under the same experimental conditions. 



dried droplet method with a-cyano-4-hydroxicynnamic acid solution 
as a matrix. Samples were processed at the Mass Spectrometry Fa- 
cility at the Skirball Institute (NYU Medical Center). 

3. Results and discussion 

In order to identify the presence of SaP in the urine, we 
develpi>ed an immunoprecipitation method based on the use 
of paramagnetic beads coated with goat anti-mouse IgG that 
were coupled to anti-Ap monoclonal antibodies. Amongst the 
available antibodies inMnunoreactive with Ap we found that 
the mixture , of 6E10 plus 4G8 allowed the highest recoveries 
and a high sensitivity. Under the conditions tested, immuno- 
precipitation of 0.2 ng of synthetic Apl-40 rendered a clearly 
visible 4 Kda band in the corresponding fluorograms. Parallel 
experiments using Protein A/G agarose reached the detection 
limit at 1.0 ng. 

For each inununopredpitation experiment, 5 mg of urinary 
samples from either normal donors, patients with glomerular 
proteinuria, individuals with mixed glomerular-tubular pro- 
teinuria, or DS patients were used. As indicated in Fig. 1, 
inmtiimoblot analysis of the immunoprecipitated material after 
separation in SDS-PAGE revealed the presence of a specific 
immunoreactive band of about 4 Kda with identical electro- 
phoretic mobihty of that of synthetic Api-40. Soluble Ap 
immunoreactivity was present in normal donors (proteinuria 
<5 mg/dl) (lane 1), although it was consistently more prom- 
inent in DS samples exhibiting a similar degree of proteinuria 
( < 5 mg/dl) (lane 2). It was also detected in samples from 
patients with mixed glomerular-tubular proteinuria (7-420 
mg/dl) (lane 3) as well as predominant glomerular components 
(proteinuria 210-600 mg/dl) (lane 4). 

Densitometric analysis of the different bands allowed us to 
estimate the amount of Sap peptide present in each sample 
through the comparison with 10 ng of synthetic Apl-40 pep- 
tide immunoprecipitated under the same conditions (lane S). 
For the normal donors tested (proteinuria <S mg/dl), the 
excretion of Sap was calculated at 0.81+0.26 ng/5 mg of 



Table I 

Estimation of mean Sap levels in urine samples 



Pathology 


n 


Proteinuria 
(mg/dl) 


SaP 

(ng/5 mg urinary proteins) 


Excretion of Sap 
(ng/24 h) 


Normal donors 

Down's syndrome 

Glomerular or mixed proteinuria 


2 
7 
8 


<5 
<5 
7-600 


0.81 ±0.26 
2.1310.70 
1.24 ±0.32 


13+4 
32±U 
20-2000 
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Fig. 2. Mass spectrometry of immunoprecipitated Sap from urine 
samples. Aliquots of lyophilized urine samples (5 mg) were immuno- 
precipitated using monoclonal antibodies 6E10 and 4G8 coupled to 
paramagnetic beads as described in Section 2. The immunopiccipi- 
lated material was eluted using 10 jil of isopropyl alcohol/water/for- 
mic acid {4:4:1) mixture; applied on the spectrometer's probe using 
the dried droplet method in aipha-cyano-4-hydroxycinnanMC acid 
matrix, and analyzed by MALDI-MS. For calibration purposes, 
synthetic Apl-40 was used as standard of mass. 



urinary proteins (13 ±4 ng/24 h). The Down's syndrome pa- 
tients analyzed (all with proteinuria < 5 mg/dl) excreted a 
higher amount of SaP (2. 1 3 ± 0.7 ng/5 mg of urinary proteins, 
equivalent to 32 ±11 ng/24 h), which might correlate with 
their higher plasma concentration [23] as a result, of the 
gene dosage. Taking into consideration that the levels of' 
Sap in plasma are in the range of 1 ng/ml [4;23] and that 
under noi'mal conditions the volume of the urine excreted in 
a 24 h period is around 1-1.5 1. the daily excretion of Sap in 
the urine represent less than 1% of the total circulating pool. 
These values are obviously increased several fold in patients 
with either glomerular or mixed tubular-glomerular proteinu- 
ria; in these cases, where the amount of urinary proteins can 
reach values of 600 mg/dl or more, the daily excretion of SaP 
could reach 2000 ng/24 h. It is possible that when there is loss 
of permselectivity, Sap complexes from the circulation could 
pass through the altered filtration barrier, accounting for the 
higher excretion of Sap (Table 1). 

The identity of Sap present in the urine samples was corro- 
borated by N-terminal sequence analysis. The 4.3 Kda bands 
obtained upon immunoprecipitation of 20 nig of urinary pro- 
teins from two cases of mixed glomerular-tubular proteinuria 
were transferred to a polyvinylidene difluoride membrane and 
subjected to automatic Edman degradation. The sequences 
DAEFRxDxGxEV and DAEFRhDsGYEV were obtained, 
corresponding to the intact N-terminus of Ap. No N-tcrminal 
heterogeneity was found in the samples analyzed. The mass 
spectrometry analysis of the immunoprecipitated samples 
showed a main signal at m/z 4327, corresponding to the mo- 
lecular mass of native Apl-40 (Fig. 2). In all the cases studied, 
the major specie identified in urine was the Apl-40 in accord- 
ance to that specie's predominance in plasma. 

The results presented here demonstrate that Sap is a normal 
component of human. urine. Under normal conditions, where 
the renal filtration-resorption function is preserved, the 
amount of intact Sap excreted in the urine accounts for less 
than 1% of the total circulating pool,, indicating that the ma- 
jority of the circulating SaP is catabolized or excreted by a 
different mechanism. Due to the association of SaP with HDL 
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particles, it is possible that SaP catabolic/excretory pathways 
may follow those of the lipoprotein particles. If this is the 
case, it would be expected that the liver would be the key 
organ involved in the catabolism of Sap and perhaps in the 
excretion of the peptide or its degradation products in the 
bile. Whether urinary Sap levels are altered in sporadic AD 
or in familial AD associated with either pPP or presenilin 
mutations remains to be determined. However, in view of 
our data (Table 1), potential AD diagnostic methods based 
on the measurement of urine and/or plasma levels of Sap 
should simultaneously evaluate the coexistence of pathological 
conditions that can alter glomerular filtration and/or tubular 
resorption. 
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The main component of Alzheimer's amyloid deposits, 
A0» has been found also as a soluble (sA^) normal con- 
stituent of biological fluids and cell culture superna- 
tants. Whether or not sA0 is the immediate precursor of 
A^> it is clear that peptides with the same amino acid 
sequence can have both fibrillar and non-fibrillar con- 
formationa. The interconversion mechanism from one 
form to another is presently under intensive investiga- 
tion. We have previously described that (i) a synthetic 
pejytide A^j_^ immobilized on affinity matrices was 
able to retrieve apolipoprotein J (apoJ) from plasma 
and cerebrospinal fluid; and (ii) the interaction of BA^ 
with apoJ occurs in vivo, as demonstrated by the ability 
of anti-apoJ to co-precipitate sA^ from normal cerebro- 
spinal fluid. We have characterized the binding between 
apoJ and found that the interaction is satu- 
rable, specific, and reversible. The dissociation constant 
of 2 X 10~^ M is indicative of high a£finity binding. The 
stoichiometry of the reaction is 1:1; apoJ has five times 
more affinity for firesh A^^.^^ than for the aggregated 
peptide. Competitive inhibition studies carried out with 
apolipoprotein £ (isoforms E2, £3, and E4), transthyre- 
tin, vitronectin, and €Vi-antich3rmotr3rpsin indicate that 
the complex apoJ>A/3i_4o cannot be dissociated by any of 
these competitors at physiologic concentrations. The 
data strongly suggest that apoJ plays an important role 
as a carrier protein for sA^. 



Amyloid /3 (A/3)^ peptide (39-44 residues) is the main com- 
ponent of the two major neuropathologxcal lesions present in 
AD, senile plaques, and cerebrovascular am^oid deposits (1, 2). 
Although A/3 has high tendency to aggregate and make fibrils, 
a soluble form has been detected in biological fluids (soluble A^, 
sA^) (3^). Whether or not sA^ is the immediate precursor of 
A^, it is dear that the same amino acid sequence can have both 
fibrillar and non-fibrillar conformations; therefore, the knowl- 
edge of the factors that influence its behavior in solution will be 
a step forward in the understanding of A£> pathology. In this 
regard, the existence of specific components named "desag- 
grins" was previously suggested based on the fact that Afii_^ 
spontaneous fibril formation in vitro is inhibited in the pres- 
ence of CSF (6). 

Extensive immunohistochemicaLl studies indicate that other 
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proteins are co-deposited with A^ in senile plaques. Amyloid 
P-component, ai-antichymotrypsin (ACT), apolipoprotein £ 
(apoE), apolipoprotein J (apoJ), complement components, 
vitronectin (Vn), glycosaminoglycans, and extracellular matrix 
proteins are among the amyloid-associated proteins described 
so far (7—15). It is not cleEur whether they are innocent bystand- 
ers or their presence is related to the mechanism of amyloido- 
genesis. Several lines of investigation favor the latter notion, at 
least for some of them (i.e. amyloid P-component and apoB are 
present in. several types of fibrillar deposits but absent in 
non-fibnllar accumulations representing pre-amyloid lesions) 
(16). In addition, the apoE gene on chromosome 19, particularly 
the apoE allele £4, has been linked to sporadic and late-onset 
AD (17). The inheritance of the apoE4 allele is today considered 
a risk factor for AD (1). 

Biochemical studies performed in vitro have demonstrated a 
certain degree of binding affinity between A0 and different 
proteins, among them apoJ, apoE, transthyretin (TTR), and 
ACJT (12, 18-23). The interactions have been considered in the 
range of "high avidity binding," although they were not quan- 
titatively evaluated. Using immobilized synthetic peptides ho- 
mologous to A^ (A^j.^), we have shown previously its binding 
association with plasma and CSF apolipoproteins J and E; 
moreover, the presence of the complex apoJ-sA^ was confirmed 
in CSF, indicating that the interaction takes place in vivo (18, 
20). We are reporting herein the characterization of the com- 
plex formation between apoJ and Afij^Q, in the presence and 
absence of other amyloid-associated proteins. 

MATERIALS AND METHODS 

Synthetic Peptides and Protei/w—Peptide DAEFRHDSGYEVH- 
HQKLVFFAEDVGSNKCSAIIGLMVGGW (A^,.4o» homologous to resi- 
dues 672-711 of ^PP^To) was synthesized at the W. M. Keck PacUity at 
Yale University and diaracterized as described (18). A 1 mg^l stock 
sdntion oT Afi^^^ was prepared in 50% acetonitrile containing 0.1% 
trifluoroacetic acid, aliquoted^ and frozen at -80 ^C until use. For 
aggregation studies, 100 ng of Ap,_4(, were diluted in 20 jil of PBS (20 
niM phosphate, pH 7.4, containing 150 mM NaCH) and incubated at 37 'C 
for different periods of time (0-72 h). Incubation was terminated by the 
addition of SDS sanq>le buffer and 5 min boiling, and the degree of 
aggregation was determined by Tris-Tridne 10% SDS-PAGE (24). 

Human plasma apoJ was purchased from Quidel (San Diego, OA); 
ACT and TTH were obtained from Calbiochem (La JoUa, CA); Vn was 
purchased from C^emicon (Temecula, C^). Recombinant apoE isoforms 
2, 3, and 4 (apoE2, apoE3, and apoE4) were obtained fTt>m PanVera 
(Madison, WD. In all cases, protein purity was corroborated by SDS- 
PAGE and NHa-terminal sequence. 

Solid-phase Binding Studies— The interaction apoJ-A^i^^o was stud- 
ied by enz3ane-linked immunosorbent assay (ELISA) using A3j.^ and 
puriiied apoJ. Polystyrene microtiter plates (Immulon 2, Dynatech 
Lab.; ChantiUy, VA) were coated with freshly prepared Aj3,_4o (400 
ng/100 /il/weD) in 0.1 m NaHCOg, pH 8.6. for 2 h at 37 "C. Under these 
conditions, 10 ng of A^i.«o (representing 2.5% of the peptide offered) 
remained bound to the well, as determined by a modification of Quan- 
tigold assay (Diversified Biotech., Boston, MA). After blocking with 1% 
bovine serum albumin, different concentrations of purified apoJ (0—25 
nw; 100 MlAsrell) in PBS were added to the A^^.^-coated wells and 
incubated for 3 h at 37 ^^C. Bound apoJ was detected with monoclonal 
IP12 (anti-apoJ o-chain. 1:5000), a generous gift from Dr. N. H. Choi- 
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r o il : f?o?f « «PoJ-AP,.4o Interaction. Variable concentrations (0-25 au) of apoj were incubated with A^. ^o-<»ated wells 

for 3 h at 37 C. Bound apoJ was detected with monoclonal IP12 and alkaline phosphatase-Ubeled anti-mouse, as described undCT-Mateiiala and 
Methods Each point represents the mean (±2 S.D.) of five independent duplicate experiments. Inset, inhibition of apoJ binding to immobilized 
A^,-4o^ Increasing concentrations (0-1X36 nM) of AJ3,^^ were pieincubated with apoJ (25 nM> for 3 h at 37*»C. The mixt^ was added to 
tri'L'^T^^ mcubated for another 3 h at the same temperature. Bound apoJ was determined as described under 'Materials and 

Si^S „ ? ??P«te esqjenments, naUve apoJ (0^1136 xim) was csoincubated with 25 nai of biotin-labeled apoJ in A^, ^-coat^ wells for 3 h at 
37 C. Bound biotinylated apoJ was detected with aUuJine phosphatase-labeled strBptavidio. Results are expressed as percentage of binding 
compared with controls incubated with apoJ alone. Data represent the mean of three independent duplicate experiments. S.D. never exceeded 



Miura (25), followed by alkaline phosphatase-coxxjugated goat F(ab')s 
anti-mouse IgG (1:3000, BioSource; Camarillo, CA). The reaction waa 
developed for 30 min with p-nitrophenyl phosphate in dietfaanolamine 
buffer (Bio-Rad). stopped with 0.4 M NaOH. and quantitated at 405 nm 
on a 7520 Microplate Reader (Cambridge Technology. Watertown. MA). 
Nonspecific binding was determined using bovine sertun -albumin- 
coated wells and/or omitting apoJ in. the assay. Binding data were 
analyzed with the aid of a curve fitting software (GraphPad Prism 
Version 1.0, GraphPad Software. San Diego, CA). 

Inhibition Assays — 100 /xg of apoJ were biotinylated with Sulfo-NHS 
biotin (Pierce) according to the manufacturer's specifications; biotin- 
labeled apoJ was separated from free biotin by chromatography over 
Sephadex G-10 (Pharmacia) equilibrated in PBS. 0-1136 nM of native 
unlabeled apoJ was coincubated with 25 nM of biotin-labeled apoJ in 
A/3t-4o-coated wells (400 ng/well) for 3 h at 37 «C. Botmd* biotinylated 
apoJ was detected with alkaline phosphatase labeled streptavidin (1: 
lOOO, Amersham) and evaluated as described above. 

In separate experiments, variable amounts of fresh A^x-^a or 24-h 
self-aggregated A0,_^o (0-1136 nM> were combined with 25 nM apoJ in 
PBS and incubated for 3 h at 37 •Q. The mixture was then transferred 
to A^j.^^^oated wells and incubated for 3 h at 37 ^C. Bound apoJ waa 
detected with monoclonal IF12 and alkaline phosphatase-labeled 
F(ab')2 goat anti-mouse IgG, as described above. 

Competitive inhibition assays were performed with Bpo£2, apoE3» 
apoE4. A(^. Vn, and TTR. 0-2500 nM of the various competitors in PBS 
were coincubated with 25 nM of apoJ in PBS in A^i.^g-coated wells (400 
ng/well) at 37 ^'C for 3 h. Bound apoJ was determined as described 
above. 

Complex Characterization^The apoJ A/S^.^^, complex was prepared 
by incubation of 5 /jtg of apoJ with 6 fig of A^^.^q in PBS for 18 h at 
37 'C. The mixture was separated on native 8% non-SDS-PAGE (26). 
transferred to polyvinylidene diiluoride membranes (Immobilon P. MU- 
lipore. fifilford, MA) using 3<yclohexylamino-l»propanesulfonic add 
pH 11. containing 10% (vAr) methanol, stained with Coomassie Blue, 
and the protein bands were exdsed, and sequenced on a 477A protein 
sequencer (Applied Biosystems. Foster City. CA), as described (18). For 
immnnoblot detectidn, apoJ A^^.^o and apoJ APi.^o(agg) complexes 
were prepared \mder identical conditions using 1.1 ^mol of apoJ and 1.1 
/*mol of either fi-esh or 24.h aggregated peptide. Alter 18 h of incubation 
at 37 "C, the complexes were separated by electrophoresis and electro- 
blotted onto Immobilon P as indicated above. Membranes were blocked 
for 1 h with 5% low-fat dried milk in PBS and incubated ovenii^t with 



monoclonal 6E10 ianU-Afi^^^y), kindly provided by Dr. BL S. Kim (27), at 
1:100 dilu t io n , followed b^y horseradiBh peraxidase-Iabeled sheep anti- 
mouse F(ab% 1:2000 (Amershano). Immunofalota wez« visualized with 
an enhanced ^emiluminescence (ECL) detection kit and exposed to 
Hyperfilm ECL (Amersham). The resulting bands were scanned on a 
PDI densitometer and evaluated with the Quantity One (Version 2.4) 
software (PDI, Huntington Station, NY). 

RESULTS 

The interaction bet;ween apoJ and A^l_4^^ was characterized 
by means of solid-phase ELISA experiments. A dose>response 
relationship that reached saturation was obtained when in- 
creasing concentrations of apoJ at pH 7.4 were allowed to 
interact with a constant amount of immobilized Afi^^^Q (Fig. 1). 
Non-linear regression analysis of the specific binding data fit- 
ted to a rectangulstr hyperbola and allowed the calculation of 
the corresponding dissociation constant of 2 nw. The speci- 
ficity and reversibility of the interaction were assessed at an 
apoJ concentration of 25 nM (at which 100% saturation of the 
Api_4o**»fltcd plates was achieved) by means of inhibition ex- 
periments with either A/5i_4o or apcJ. When a constant con- 
centration of apoJ in PBS was preincubated with increasing 
concentrations of freshly prepared A^_^ before the addition to 
A0i_4o-<»ated wells, apoJ-binding to immobilized A^j.^q fol- 
lowed a one-site competition curve (Fig. 1, inset). The, calcu- 
lated value for half-maximal inhibition (ICgo) was 63 nM. In a 
separate set of experiments, the binding of biotin-labeled apoJ 
to immobilized Afi^^^ was competitively inhibited by increas- 
ing concentrations of native apoJ. The remaining bound bioti- 
nylated apoJ was quantitated with alkaline phosphatase- 
labeled streptavidin. The data fitted into a one-site competition 
curve with IC50 = 77 nM (Pig. 1, inseth 

The formation of the apoJ-A^^^^Q complex was visoialized by 
Coomassie Blue staining alter electrophoresis on non-denatur- 
ing polyacrylamide gels. As shown in Fig. 2, native apoJ exhib- 
its two molecular forms in this non-SDS system: a monomeric 
component of -80 kDa and a dimerie form of --160 kDa Qane 
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F«;. 2, Identification and charucterizationof apoJ'A^,^4(,com> 
plexes undor non-dcnukturin^ conditions. ApoJ (5 fig) and A/J, ^, (5 
M^i were i/icubated at 37 *C for 18 h and the resultant complexes 
soparaiod on 8^ non-SDS-PAGB. transferred to Immobilon P, and 
iitnioed with C^omassie Blue. The appxtrent molecular masses were 
cnlculated rroni the Ferguson plotfc- construcU'd with known molecular 
mass standards (tr-lactaibumin, 14,200 Oa; curbouic anhydnuse, 29»000 
Da; chicken egg albumin, 45,000 Da; bovine serum albumin. 66,000 Da 
inonomer and 132.000 Da dinmr, urease, 272.000 Da monomer and 
i=i45.O00 Da dimer). The complexes (arrowhjuads) were excised from the 
membrane and their NH.j-tcrminal tiequenco (letcrmincd. Lane /, Ap,, 
■lo; tatK 2. apoJ; lane 3, npoJ- A fi, ^„ complex. 

23. When complexed lo A0,..4^,.bot}i components shiaed their 
electrophoretic mobility toward higher molectaar masses, re- 
sulting in -85 and 170 kDa bands (an increase of ~5 and 10 
kDa. respectively), Amino-terminaJ sequence analysi.s of these 
85- and 170-kDa components rendered the sequences 
DQTVSDNELQEMSNQ, SLMPFSPYEPLNFH, and DAE- 
FRHDSGYEVHHQ corresponding to the first 15 residues of the 
apoJ or-chain, apoJ ^-chain, and A/3j^^o» respectively. Recovery 
calculations performed for the first 10 steps of the sequence 
indicated a 1 to 1 stoichiometry < Table IL 

The influence of the degi-ee of A^,„^o aggregation in its 
ability to form a complex with apoJ was tested using fresh and 
aggregated peptide; the re.suJting complex was visualized via 
inimunoblot analysis aRer SDS-PAGE using anti-A^j^^y 
(monoclonal 6E10). as indicated in Fig. 3. Fresh A)3,..4e, exhib- 
ited a major monomeric component and a minor dimeric form 
while the tetrameric aggregates were almost negligible {lane 1, 
arrowhead^). A similar aliquot of the synthetic peptide that 
had been incubated for 24 h at 37 'C showed an increase in the 
amount of dimers and tetramers in addition to the typical 
Mmear-like electrophoretic appearance which indicates the 
presence of multiple minor components of higher molecular 
mass (/omf 3), When fresh A/3, was incubated with apoJ for 
18 h at 37 (lane 2), the pre.sence of the 85-kDa apoJ*Aj3,^40. 
complex was immunodetected by anti-A/3,..i7 (arrow)\ the free 
peptide exhibited the same prjlymerization pattern as the one 
shown in lane 7. When 24-h-aggregated A^^^^f, was incubated 
wUh apo«J under identical conditions, the presence of a less 
intense 85-kDa complex was detected by anti-A/3, .^^ {lane 4, 
arrow) while the peptide aggregation pattern resembled the 
one in lane Densitometric evaluation of both complexes 
^lanea 2 and 4, arrotv) indicated that the amount of apoJ-A/Sj^^o 
formed was 4.6 times lower when aggregated peptide was us^d. 
To confirm thi.s apparent different afTmity of apoJ for aggre- 
gated and non -aggregated A/3,_^y, inhibition assays were car^ 
ried out on ELISA plates. Both fresh and aggreigated peptides 
were allowed to interact with apoJ in nuid-phase for 3 h at 
37 ^C; the remaining free apoJ was tested for its ability to bind 
^> A^J,_^o-coated wells. As depicted in Fig. 4, aggregated A/3,_.,o 
exhibited five times less efficiency to form complexes with apoJ 
nCr,^ « 315 uM) than the fresh peptide (ICa,, ^ 63 nM). 

Competitive inhibition experiments using other. plasma/CSF 
proteins with demonstrated binding affinity for A^ (apoB2, 



T^LF. I 

Amino'terminal sequence analysU; of (he 85- and J70-kDa 
ApoJ-AB^^^ complexes 
Yield is expressed in picomolea. 



Step 


Rccoverod 




Theoretical 




65 kDa 


170 kDa 


ApoJ >a) 


ApoJf^j 




1 


Scr, 12.55 Ser, 16.10 
Asp, 30.47 Asp. 37.80 


• Asp 


Scr 


Asp 


2 


Leu, ] 1.93 
Gin, 13.26 
Ala. 10.67 


Leu. 23.96 
Cln. 36.58 

Ala, 13.66 


Gin 


Ijou 


Ala 


.3 


Met, 7.43 
Thr, 9.31 
Gia. 9.28 


Met. 9.27 
Thr, 12.88 
Glu. 11.71 


Thr 


Met 


Glu 


4 


Pro, 13.51 
Val, 11.93 
Phe, 11.20 


Pro, 11.07 
Val, 10.48 
Phe. 10.90 


Vai 


Pro 


Phe 


5 


Phc. 14.88 
Ser, 9.30 
Arg, Nl>* 


Phe. 12.22 
Ser, 7.99 
Arg, ND 


Ser 


Phe 


Arg 


6 


Ser. 9.82 
.Asp. 10,87 
His. NT) 


Ser. 6.02 
A.sp« 9.44 
HiH, ND 


Asp 


Ser 


His 


7 


Pro. 5.17 
As'D. 5.99 
Asp. 6.22 


Pro. 6.70 
Asn. 4.19 
Asp. 4.66 


Ann 


Pro 


Aitp 


8 


Tyr, 4.96 
Glu. 4.99 
Sen 3.98 


TjT, 2.51 
Glu. 3.26 
Ser. 2.70 


Glu 


Tyr 


Scr 


9 


Ghi, 5.14 
Lea, 4.92 . 
Gly. 4.88 


ND 
ND 
ND 


Leu 


Glu 


Gly 


10 


Pro, 2.44 
Olu, 2.46 
Tyr, 2.21 


ND 
ND 
ND 


Glu 


Pro 


Tyr 



" ND, not determined. 



apoE3, apoE4, ACT, Vn. and TTR) were performed by solid- 
phase assays. Increasing concentrations fO-2.5 of each 
competitor virere mixed with a constant amount of apo,J and 
immediately added to A/^i.^-coated wells. Bound apoJ wa.s 
detected with monoclonal IF12 after 3 h of incubation. As 
indicated in Fig. 5, none of the proteins tested exhibited higher 
aHinity for A0i^ 4^ than ApoJ. The competition curves distrib- 
uted themselves into two very well defined groups: the first 
composed of the three apoE isoforms and the second contained 
the other proteins. ApoB2 (IC.;o 316 nM) was the strongest 
competitor of all the apoE isoforms according to tlie calculated 
IC50 values, followed by apoE3 (ICr^ = 502 nM) and apoE4 (IC^^ 
~ 794 nM), indicating that they have 4-10 timea lower relative 
affinity than apoJ for A^j^^,,. None of the other proteins tested 
reached 50%.inhibition of apoJ-A0,..4p binding under the con- 
ditions tested fTTR. ICso = 9550 nw; Vn. ICs© '= 9820 riM; ACT 
IC50 « 11340 nM). 

DISCUSSION 

ApoJ (also known as cluslertn or SP-40, 40) is a multifiinc- 
tional disuifide-kinked heterodimeric glycoprotein composed of 
two "-40-kDa subunits (named a and /3 chains) (28-30). The 
gene for apoJ maps to chromosome 8 (31-33). A single mRNA 
molecule (34) codilies a 449 amino acid chain, and the final 
apoJ structure is generated by post-translational cleavage at 
peptide bond Aj^f^^Ser^. ApoJ message is expressed in al- 
most all mammalian tissues (35, 36), and the protein has been 
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Fu;, .1. Immunodetection of the apo«l-A/i,_4o complex formed 
with fresh or afirgt>«gated peptide. ApoJ A^j.^^ and apoJ A/3i_ 
rumplcxcs wcrf} prepared in PBS using 1.1 Minol of apoJ and 1.1 
fAinol ofeihher fresh or 24-h henl-aggrcgated peptide. y\fler 18 h incu- 
bation ai 37 "C, complexcK were separated on Tris-Tricinc 10% SDS- 
PAGE und immunoblottcd with anti-A/iJ,..,^ (fiElOi. Visufllizntion was 
carrii.-d out wiUi pftroxidase- labeled anti-mouse followed by. ECL. Lane 
7. fresh AM,. 40 <1<)0 ng): Inne 2. apoJ-freHh A^j.^o complex {1:1 molar 
rauoj: iant: 3, 24-h heat-aggregated A^,.^(. (100 ng): lane 4, apoJ AP,^ 
4/i(agg> complex (1:1 molar ratio). Solid arrowhead, monomeric A^^^: 
open arrtnehcatU, dinieric and tctramoric forms of A/3,,^; arrow, 
aiJi>.l'A0,,..,o complex. 




Inhibitor (nM) 

FiC. 4. Inhibition ofapoJ'Apt.^o interaction by either fresh or 
aggregated Ap,.^^. ApoJ (25 nM) was preincubated with various con- 
centratmns of cither fresh or 24-h-preuggregated A/J,,^„ prior to- the 
addition to A/!i,„4t,-coated plates. Bound apoJ waa detected ob deachbed 
under ^'Materials and Method^?." Apori binding is expressed as percent- 
age of binding compared to control wellit incubated in the absence of 
inhibitor. Data represent the mean of three independent experiments 
duplicate experiments. S.D. never exceeded r6%. 

found in nearly all body fluids (36, 37). The normal concentra- 
tion ofapOtJ in plasma ranges between 35 and 105 #xg/ml (0.44- 
\..'.\ /xM) f28\ and it is pi-imarily distributed in the high density 
lipoproteins (29); it is .several times concentrated in seminal 
fluid while in CSF the values vary between 1.2 and 3,6 /ig/ml 
( 15-45 nM) (10, 38). ApoJ is involved in a variety of physiolog- 
ical processes, including lipid transport (36), secretion (39), 
membrane recycling f40), spermatogenesis (34, 35). and mod- 
ulation of the ctjmplement activity (41). Within the central 
nervous system, apo.i is synthesized in neurons (42) and astro- 
cytes (43, 44) and i.s able to cross the blood-brain barrier via a 
specific receptor/transport mechanism (45). Its production is 
up- regulated in the degenerative (46. 47) nnd/or regenerative 
processes (48. 49). The CSF concentration of apoJ is slightly 
olevDUid in AD patients (1.8-4.4 Mg^l). although the 
difTerences with the normal population are not statistically 
significant (10). 



« ApoJ 




Inhibiter (nlH) 

Fig. 5. Competitive inhibition of the apoJ-A/S,.^ complex for- 
mation by amyloid associated proteins. ApOrT (25 nM) combined 
with variab le co ncentrationg (0-2500 nsay of apoE2 (A}, apoE3 'y'i, 
apoE4 ( ♦ >. TTR (<Ci). ACT (•>. and Vn <□> and coincubated wiih A0,. 
40-coated weUs. Bound apoJ wa.s determined aa described under "Ma- 
terials and Methods.** The inhibition of biotin*labe1cd apoJ*A0,. roin- 
plex fonnadon by native apoJ (■) presented on Fig. 1 iirutefi in shovim 
here for comparison, ftesults are expressed as percent of the maximum 
.*>pecific binding obtained in the absence of competitors. Data represent 
.the mean of five independent duplicate experiments. S.D. never 
exceeded ±7%. 

Biochemical data obtained in vitro indicate that apoJ is a 
major ligand for sA/3 in plasTha and CSF and tluit the complex 
apoJ-sAp exists in oivo ilS), suggesting that apo-J may act as a 
carrier protein for sA^ in plasma and CSF. CDur results dem- 
onstrate that apoJ binds A/3,_4<, with high affinity; the calcu- 
lated obtained from the saturation curve is 2 X 10 ^ .vj. 
Monomeric and dimeric forms of apoJ (28) formed complexes 
with A^|.4o; both complexes, were constituted by equimolar 
amounts of apoJ and A^j_4o» compatible with a 1:1 stoichiom* 
etiy. The binding was .specific and reversible; both, native apoJ 
and freshly prepared A0i„^q, inhibited the interaction of apOfJ 
to immobilized A^,.4^) with a simitar IC^^,. The fact that 100^^ 
Inhibition can be achieved by incubation of apo.J with A/3,...,y in 
solution indicates that the interaction indeed occurs in fluid- 
phase. 

The self-aggregation rate of A^,^4^ is pHs ionic strength-, 
temperature-, and concentration-dependent (50-52). The time 
course of aggregation of A/J,^^«, in PBS at 37 ""C, evaluated by 
SDS-PAGE, indicated that our freshly prejpared peptide was 
mainly monomeric while the number of dimers, tetramcrs, and 
higher association forms increased as a function of incubation 
time, reaching a plateau at 24 h that remained without major 
changes for at least 72 h. ApoJ exhibited five times lower 
afUnity for aggregated Ai3,„4o than for freshly prepared peptide 
when tested by solid^phase ELISA and by gel electrophoresis 
followed by scanning evaluation. The presence of dimera, tet- 
ramers, and high molecular moss components indicated that 
apo.J was unable to reverse the aggregation of A/3,„40. All these 
data suggest that apoJ has the capability to bind with high 
affinity to non-aggregated forms of A/J^.^,, but not to A/S,.^^ 
polymers. 

In order to balance the biological importance of the apoJ-sA/i 
interaction, competition experiments using other plasma/CSF 
proteins with demonstrated aMnity to AjS were carried out at 
physiologic pH. ApoE isoforms were 4-10 times less efficient 
than apoJ itself in inhibiting the formation of the complex 
apoJ A/3,^40* being apoE4 the least avid competitor under the 
conditions tested. The rest of the proteins assayed (TTR. ACT, 
arid Vn) exhibited an almost negligible competitive effect; none 
of them induced more than 10^- inhibition at concentrations 
where apoJ in fluid-phase inhibited 1009; the complex forma- 
tion. It should be noted that all the proteins used in these 
competition experiments were €nther purified from plasma or 
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expressed in Si9 cells. lit would be interesting to determine 
whether other factors such as the association with other pro- 
teins, lipoproteins, and/or lipids may affect their interaction 
with A^. These data in the context of the mean physiologic 
concentrations of apoJ and apoE in plasma as well as in CSF 
(apoJp,„^3 = 0.87 ± 0.43 yM\ apoJcsr = 30 * 16 nM; apo- 
Epjasma = 0-77 ± 0.26 iXtA; apoEcsp = 41 i 16 nM) (10. 28, 53).. 
suggest that normal physiologic conditions favor the formation 
of apoJ*A^ complex. In fact, the presence of &A/3 in apoJ- 
containing HDL particles was recently shown (54). 

The data indicate the existence of a high affinity binding 
between apoJ and a peptide with identical primary structure to 
sA^. It is conceivable that the interaction is not only related to 
the transport of the soluble peptide in plasma by apoJ-contain- 
ing HDL but to the delivery of sAj3 through the blood-brain 
barrier. In this regard,, recent in vivo studies performed in 
guinea pigs have demonstrated the existence of cerebrovascu- 
lar permeability for A/3i_40» human apoJ ais well as for the 
apoJ-A/3i_4o complex (45, 65). Since apoJ has lower affinity for 
aggregated Aj3, the biological implications for the alteration of 
the interaction apoJ-BA/3 under pathologic conditions should be 
further investigated as one of the possible mechanisms of pep- 
tide aggregation and deposition in AD. tissue. 
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The amyloid fibrils of Alzheimer's neuritiq plaques and cerebral blood vessels are mainly 
composed of aggregated fomrvs of a 39 to 44 amino acids peptide, named amyloid beta 
(AP). A similar although soluble form of AP (sAP) has been identified It} plasma, 
cerebrospinal fluid end cell culture .supematant3^^ Indicating that it ^s produced under 
physiologic conditions. We report here that sA3 in normal human plasma is associated 
wiUi lipoprotein particles, in particul^ to the HDL, and VHPL fractions vvhere it is 
cpmplexed to ApoJ and, to a lesser extent, to ApoAI. This vvas assessed by 
irrnTHJuriopredpttetion expioirnerits^^^ plasma lipoprdteins and lipoprotetn-depleted 

plasma and qprtfirTned by means of snnino acid sequence arialysis. Moreover, bic^nyiated 
synthet}C:peptide Ap^^wiastinaeed In normal human plasma in /n v^ro experiments. As in 
the case of sAP^ biotinylated Ap,^ Vvas specifically recovered in the HDLa and VHDL 
fractions. This data together with the previous demonstration that AP^^ is taken up Into 
the brain via a specific mechanism and possibly as an Api^-ApoJ complex indicate a role 
for HDt^- and VHDL-containing ApoJ in the transport of the peptide id arculatioh and 
sitggesttheirinvolvement in the delivery of .s^ across the blpod^^in.barrier. 

e 1994 AeadsaLc Ptsbs, .Ino. 



Amyloid beta ( AP) is the major constituent of the fibrils composing senile plaques 
and vascular amyloid deposits in Alzheimer's disease (AD), Down's syndrome, congophilic 
angiopathy and Hereditary Cerebral Hemorrhage wi^ Amyloidosis (Dutch type). It is a 
product (30-44 residues) generated from a larjger precursor (amyloid precursor protein. 
PPP) througlh ^11 unknown proteolytic pathways (for a. review, see 1). Recently, soluble 
AP-like peptide (sAP) were Identified in isell Quiture supernatant pf different cell Jines, as 
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well 39 in pJa9md and cisrobrospinal fluid (CSF) obtained from nomai md AD patients 
(2-4). Different phy$ioal and structural itordcteristics of A3 have been olerified v^th the 
aid Df.synthetlc p0ptides homologpus tp different regions of Jthe mol^^ile. In this sense; 
it tias been demonstrated that peptides APt-4a andAp^^a and their $horter deriyatfves, 
A3i,2e and AP^7.28 spontaneously form fibrils in vitro. Although peptide aggregation and 
fibHi formation .are greatly influenced by peptide concentration, pH, oxidation, ionic 
^ngth and ternperature. ^s well as by the presence of amino ^cid substitutions it is s6li 
not dear why sAp does not aggregate in btological fhiMs <5-1 1 ). It has been proposed that 
under normal cohditions, the concentration of sAp is too low to allow polymerization. 
Alternatively, it can be hypothesized that specific factors may maintain Ap in solution 
impairing fibril formation. The latter is :suppprted by the fad that spontaneous A^^^ fibril 
formation in vitro is inhibited In the presence of CSF (12). 

We have described t]y means erf direct binding experiments that synthetic peptide 
Ap,^ immobiKzed on affirii^ matrices js able to t^eve apoUpoprdteins J (AppJ) and E 
(ApoE) from plasma and CSF (13,14). The interaction of sAp with the^ two 
apofippproteins occurs in vivo, as demonstrated by the ability of anti-ApoJ (13) and anti- 
ApoE (unpublished observation) antibodies to co^)recipitate sAp from normal CSF in 
immunoprecipitation experiment. In addition, the blood-bratn barrier regulates the 
transport of AP^^ ApoJ and ApoE; Ap^ appears to l>e taken uf^^lnto the brain via a 
speqifip transport mechanism, posstt>ly as a complex with ApoJ (15,16). Since ApoJ is 
primarily distributed in the high density lipoproteins in human plasma (17). we have tested 
the hypothesis that sAp is transported complexed to these lipoprotein particles in the 
circulation. Direct immunoprecipitation of endogenous sAp and biptmylated-APi^(used 
as a tracer) ftonii different lipoprotein (LP) fractions as well as from lipoprotelnHclepieted 
plasma (LPDP) indicate that in normal.human plasma aAP Js complex^ to the HDLj and 
VflDL , mainly in association with ApoJ. 

MATERIALS AND METHODS 

Synthetic peptides: Peptide DAEFRHDSGYEVHHQKLV^FAEDVGSNKGAlieLMVG^ 
(APi^ positions 672-71 1 of PPPtto) was synthesized at the W. M. Keck Facility at Yale 
University using solid-phase tBOC (N-tertbutylpxycart3onyl)-bhemistry. Amino adds wer^s 
coupled by activated esters ar^ final deprotepfion^cleaYagd was performed using 
hydrogen fluoride. Crude peptide was purified via HPLC ^uslng a Vydac CIS reverse phase 
column and a linear gradient of 20-80% aoetonitrile In 0.1 % trifluoroacetic add at a flow 
rate of 1 .0 ml/mia The final preparation of the peptide was lyophilized and charaderized 
by analytical reverse-phase HPLC, amino acid analysis and laser desorption mass 
spectrometry. Ap^^ vi^s biotinylated with Sulfp-NHS-BioUn (Fierce; Rockford, II) 
according to the manufacturer's specifications. Briefly, one milligram of AP,^ was 
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di^heed In 1 ml of 50 mM Sodiuoi Bicarbonate Buffer, pH 6.5, cpntaning 3Q% ^fsetonitrile 
and edlowed to read^th 0.32 mg of Suffi>NHS-BMin 2 ^ at 4X. tJnreacted Bloti'n wa9 
removed irom the mixture by qentrifujgiatioh at 1000 x g for .30 mih usilng Centricon 3 
lyiicroQoncentreiqr (Amicx>ri; Beverly, MA). The sanipfe aai^? diluted in 20 naM Tri$-HCl pH 
7.4, c>3ntaihing 150 mM NaCL(TB5) and 30% acetonitrile. aliC|uoted and stored at-70*C, 
Antibodies: polyclonal antj-SP26 (anti-AP^^ was available in the lat>Ofatory (18). 
Polyplonal S0Y2134 (anti-Ap^^) Mvas a kind gift from S, Younkin (2). MorKsclonal 
anti-ApoE antibody W3S c^staoned from A Per]gunov (IB) end mpnodonal OElO (anti-Api^ 
17) was obtained firom K S. Kim (20). Monpelpnal antibody IF12 (enti^^J, a-chain) was 
kindly provided by Mjam-Ho Chol-Mlure (21). Monoclonal antibodies anti-ApoAI (type 3) 
and anti-ApoB as well as polyclonal antibodies anUnserum amyloid A (SAA), anti^ApoE 
end anfi-alHantichymotrypsin (ACT) were frpm Chemtcon Int. (T emecule, CA). 
Lipoprot^ns isolation: Human iLPs were isolated by means of preparative gradient ultra- 
centrifugation (22) either from human plasma obtained from normal healthy .subjects, ages 
25 to 40 years after 10-12 h :^st or. from plasma obtained from normal donors at the 
University Hospital 0lood Bank. In all cases, centrifugations were performed at 16°C at 
40,000 fpm using a Beckman Ti 50.2 rotor and densities were adjusted to the necessary 
values with solid KBr. Brii^y starting plasma was first subjiacted to ultracentrifugation for 
16 h at its original 5=:1 ,0063 g/mi In order to obtain the VLOt fraction. LPL were then 
floated over ihe same period of lime at 5<=1..063.g/ml. infranatants were fe->adjusted to 
&=1 ,125 g/ml end oentrifug»j for 20 K ih& upper phase of HDL2 was removed, the denisity 
increased to 1,21 g/ml and HDt^ were recovered after 40 h oentriftigation. The final 
adjustment to $=1,25 g/ml rendered VHDL floating after 40 h of oerttriftigation. The 
infranatant of the 6=1.25 g/ml, named lipoprptein-depleted plasma or LPDP, was also 
collected and used in the experiments. All the fractions were extensively dialyzed against 
TBS buffer opntainir© 1 mM EDTA endured at 4*^ until used. The protein content of the 
LP and tPDP preparations was measured using the Bradford method (BioRad; Richmond, 
CA) employing bovine semm albumin as a standard. Hech fraction was characterized by 
Tns-Tridne/12,5%-pplyaorylanTiide gel eloctrophoresis followed by immunoblotting with 
specHic antibodies directed against different apolipoproteins. In a separated experimertl, 
2 of b.iotinylated were added to 20 ml of human plasma arKl the mixture was 
incubated for 3 h at 37^C followed by LP isolation by preparative gradient 
ultrai:»ntrifugation, in identical conditk>ns as described above. 

Iminunopreclpitatioh: Forty .milligrams of each LP fraction (2 mg in the case of LP- 
containing biotin-lal>eled A$t^ were mixed <1:5 vpl/vot) with 5x RlPA birffer (50 mM Tris- 
HCI pH 8.0 containing 150 mM NaCI / 1 % Triton X-IOO / 0.5% cholic acid / 0.1 % SDS / 5 
mM EDTA / IrrM phenylmethane-sulphonyi fluoride / 1 pg/ml leupeptih / 0.1 pg/ml 
pepstaOn / 1 pg/ml Na-p-tosyl-L-l^ine chloromethyl 1(etone).dnd all the finadtlons were then 
adjusted to a final volume of 14 ml vvith 1x RlPA (when necessary, non-denaturing 
immunopredpitation was carried out in TBS). One of the following antibodies In dilution 
1:500 (SGY2134. anti-SP28. anti-ACT, antl-SAA, antl-ApoAIV. iF12. anti-ApoE or 
anti-AppAI) was added together with 50 \j\ of Protein G-Agarose beads equilibrated In 
RlPA buffer and Incubated at 4^*0 for 1 2 h on a rocking platform. After washing the beads 
three times with TBS, the jmmunopredpitated proteins were separated by Tris-tricine / 
12.5% 6DS-PAGE and transblotted to 0.45 \xrti nifrocellulose membranes (BIpRad) for 2 
h srt 400 mA using a^^yqlohexylemino-l-propenedulpbonlc aqid pH 11. containing 10% 
methanol. Membranes were blocked with 6% bovine serum albumin and labelled wijh 
monoclonail 6E10 (1 .300) overnight at 4"C, Ariti-mouse Pefoxidase-labeled (Amersham. 
1 :3Q0O) was used as a secondary antibocly. Fluorograms were fwepared with the Western 
Blot Chemiluminescence reagent (PMPont; \A/ilm1ngton. DE) according to the 
manufacturer's specificatioris. For control purposes, 50 n^ of AP^^ in a volume of 14 ml 
were ImmunoprecipHated with anti^P28. In the case of biotinylated-sAp;,^, Peroxidase- 
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labelesi StreplavWin (Artiensham. 1 ;7o6) foilowBd by ECU was used for detection purpose^. 
Before immunoprecipitation of the LPOP fraction, native IgB was removed by incubation 
vwth Protein G-Sephgrpse fqr 3 h et 4^C. For amino acid sequence ^alysls, proteins 
vwB separated on Tris-tripine SOS-PAGE and transferred onto Jmmobilqn P membrane 
<Millipore. Bedford. MA) In identical oonditjons as described eboy^. After staining with 
Coomaasie blue, bands were exci^^d and sequenced on a 477A pro^'n srauencer 
(Applied Bipsysternsj Foster City^ CAX 

tUESULTS AND DISCUSSION 

Two apoli<)oproteihs, ApoJ and ApoE h^v^ been found io interact wi&i Ap. Affinity 
matrices prepared with synthetic peptides homologidus to Ap demonstrated binding 
interaction to both apol*9:)oproteins from Either plasma or CSF (19,14,23). In addition, the 
existence of both complexes (ApoJ-sAp and ApoE-sAp) was demonstrated Jn vwo; 
immurK)precipftatlon with anti-ApoJ and anti-ApoE antibodies recovered sAp from CSF. 
We hypptheslzed that such interactions cnay take place In ApoJ- or ApoE-cbntalnlng LP 
species of human plasma. In order to test this hypothesis, we hav9 purified VLDL. LDL. 
HDLa , HDL3 and VHDL frpm normal human plasma and^assessed the purity of the variow 
fractions by means of immunobldt analysis (Table I). Forty milligrams of each purified LP 
and LPDP fractions were subjected to immunopredpitation wifli SGy2134 antt-Ap 
antibodies and the resulting precipitates were tested for AP immunoreactivity vwtti 
monoclonal 6E10 antibody. As indicated in Figure 1, si^ was specifically 
immunoprec^sltatpd from HDL3 (teaie 4) and \MDL (Jane 5) fracfiorte. while the VLDL (lane 
2X UDL (lane 3) and IPPP (lane 6) firacttons w^ unreactiveL Immunopreclpitatioh carried 
out with the HDL3 and VHDL fractions combined retrieved a stronger immunoreactiyity 
signal at the same mdlecwlar weight (lane 7). The 4.5 kOa band detected by the 6E1 D 



TABLE I : IMMUNOCHEMICAL CHARACTERIZATION OF PURIFIED UPOPRpTEIN 
FRACTIONS: An aliquot ^ eaich lipoprotein fraction {(SO uS) was subjected to gel 
electrpphoreasandjmiTttJhoblotlngansi^^ ApoAl, 
ApoJ and SAA The presence of eaph apQlipoprpteln In the xfifferent fractions is 
expressed in relation to thpir content in the other fractions. 



Apolipoprptein VtDL IJL HDL^ HDL, ' VHDL 



ApoB 
ApoE 
ApoAl 
ApoJ 
SAA 
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FIGURE 1. bmniinopre^iHtation flf 8A$ fpom UP firactions of normal human plasma. 

Analysis wsA parfbmied in MatsBriate .and Methods. Soluble AB (arrowhead) wias 
spddficaily pr^pitated by S0Y2134 polyqionfiri antibodies only frbm HDU3 (lane 4) and 
VHbL j[lane 5) and nq| from VLDL (lane a), IDL (lane 3).or LPDP (lahe 6). Fraction? 
HDLa and VHDL combined retrieved a. stronger untirAp immunoreactivlty signal (laneT). 
One ljundwl nanograms qf syrtthetlq p<Bptide AP^^ (lane 1) Awas used as a positive 
control. Molecular weight markers (in kDa) are shONMl on ftie left side of the pjcAure. 

aritibojdy jshovved ah Identical electrophoretic mbbilify to tlje monomerlc form cf the 
synthetic peptide APi^ (iafie 13, 

In order to qonfirm the association of sAJJ with ttie HDI^ ^nd VHDL fractions, we 
have traced blotlnylated Api^ in human plasma using In vSro experin^s. Twenty 
milliliters jrf plasfna from normal healthy subjecls were Incubated vvith 2.D of Wotinyiated 
APi^ ; after purifioation of the different LP fractions, identification of the tolotin-labeled 
peptide was performed l>y immunoblot analysis following immunoprecipitation >Mth anti- 
SP28. As depicted in Figured, biofinylated A^^^ was specmcally riscovered in the HDL3 
;( Jane 5), VHDL (lane 6) and to a murfi Jesser extent HDI-2 (lane 4) while it was at>sent in 
the LPDP, VLDL and LDL fractidns (lanes 1 to !3. respectivaly). Immunoprecipitation 
jK^jeriments carried out with flue combined HDL3 and VHDL fractions employing a set of 
differ?8nt antibodies (anfi-ApoJ. antl^ApoA!, antl-Zs^oE, anti-SAA and anti-ACT) was aimed 
to detennine whether biotiny lated Api^ was associated to any of the major components 
of the lipoprotein particles. As shown in Figure 3. anti-ApoJ (lane 2) and scarcely anti- 
apoAl (lane 3) retrieved the biotinylated peptide from the same HDLj.and VHDL fraaions, 
while all others antibodias gave negati^ Tiesults {lane^ 4H5). The amount.ol)talned by anti- 
ApoAJ was comparable vwth the amount recovarad with antl^P28 (lane 1) while the 
amount reobyered l>y anti-ApoAl repn^ents less than \% of the total. Under these 
conditions, anti-Apo6 was unable to co-precipHate biotifiylated Ap^^ although tha 
existence of the ispmplex has been demonstrated in QSF. 
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RC3URE2, IfYDnuhOfire^imalloh qf tracer biotin-^abelmil Aai -40 from LP fractions of 
jiunMin plasina. Analysis wad performed as described in Materials and Mf^ods. 
Blotinylated AP,^ was specifically precipitated frpm th,e different LP fractions by 
pplyBtanalanth^28. ih9 blotirvlabeled peptide was absent in LiPDP (lane 1). VLDL (lane 
2H, LbL (lane 3^ present in very low concentration in HDl^ <lane 4) and strongly poisttive 
isn HOL, {lane^5)andVHDL(lane6). -Moleojl&r weight itiarikers (in ki5a)^afB«hown on 
the left side of the pIctMre. . 

FIGURE 3. bnrminoprecipitattbn of tracer biotln4abeIed A&1 -40 from HDl^* VHDL 
fractions of tiuman plasnia. Analysis vyas performed as described In Materials and 
Methods. Biotinylaledpepedewas predpitated from combined MDLg and VHOL fractions 
by polyclonal anti-A&V28 (lane 1) and monodbnal antkApoJ (lane 2) but not by 
monoclonal anti-ApoE (lane 4) and polyclonal enti-SAA (lane 5) and antl-ACT (lane 6) 
antibodies. Tijace amounts of biptinylated peptide were precipitated with monoclonal 
anti^pAl (lane 3}. Mol^Iar weight martcdrs <in kDa) are shown Ih the left side of the 
picture. ■ 



Immuhoprecipitation e)q3erimOTts perfonmed urujer non-deinatunng conclitions 
(TBS) with both anti-/s^ (SGY2134) ^nd anti-AppJ (IF12) antibcdieis recovefBd a similar 
protein pattern. In both cases, two opnnponents of 28 kOa and 38-40 kDa were detected 
under reducing conditions by Cponiassie blue ^inin^ (npt ^own). The proteins were 
identified as ApoAi and AppJ; amino acid sequence ar^sis obtained firom the 28 kDa 
band yielded the eequenoe DEPPQSPWDRVK (ApoAl JSMannuUiS) while the one^afiquired 
from the 38-40 kDa component yielded the sequences DQTVSDNELQ and SLMPFSPYEP 
(corresponding to the N-termings of ApoJ a- and 0-chains, respectively). 

Apolipoprotein J in human.pl^ma is.associated vwtfi high density lipoproteins (17). 
The ApoJ^contaiiiing species are relativeily poor in lipids: the prutein cornent repres0nt$ 
up to 78-89% Vifhlle lipids account for 11-22% of the lipoprptein mass. Of the lipids, 
cholesterol and {Phospholipids am predominant; triglyceride represenis only 1% of 
AppJ-4HDL iipids. ApoAi is the majOT protein fwjnd ih HDL fractions and the ApoAl tightly 
assodated widi ApoJ represents only 2-4% of the total ApoAl in pte^ma. The association 
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appears to be of hy<iropihDble naturo, recpjlring nonlonip detefgonts for di^ociation 
(17.24). Due to Ms association, it i3 possible that the bulk of the ApoAl 
Immunoprecipitated fhpm the HDL3 + VHDL fracbons by antl-Ap andlwiies binder non- 
denaturing cqndt^bns was cx>predpitated with ApoJ. Hosmyer, the small amount of 
btotinylated Api^ obtained by immunoprecipltatton with anti-A antibody under denaturing 
conditions might r^ect a protein - protein intei^actlon belvusen ApoAl end A^^^ 
Preliminary binding 6xperintient3 of purified ApoAi to immoibirRs^ Ap^^ indicate the 
e)dstence of this binding activity, although the affinity yaliies .ar^ much lower than for the 
interaction ApoJ>APi^ (mstnusqript in preparation). 

Different circulating proteins have been implloajted in A^-binding activity, among 
them ACT j{25). ApoJ (13), AppE <14.23) and transthyretin (26), although their influence 
in amytoidogenesis is oontrpvensial. the data presented here indicate ihat^^rln plasma 
of normal indivldiials is oomplexed to HDll, and VHOL^ rnainly in asspdattpn with Apo.).. 
It is possible that the interaction of sAP with high density lipoproteins is not only relatedl 
to the transport of the peptide in plasma tjut to the delivsry of sAP through the blood-brain 
barrier. In this sense, reisent in v/vo ^diias perfbnned in guinea pigs demonstnated the 
existence qf cenBtjrqya^lar penmea±»ility for Afi^ , human ^>oJ as well as for ApoJ-A^t. 
40 odmplex. while human AppE ^seems to have veiy limited access . acrdss the .b]ood4>rain 
barrijer (1 5,1 6). The significant blopd4o-brain permeability to ApoJ and its complex with 
APi^ suggest the preserice of a specific receptor/transport mechanism, the protein gp330 
(ApoJ receptor, ref. 27) being 7one of the likely candidates, itie biological Implications 
for the atteration of the interaction ApoJrsAP under pathologic conditions should be further 
inv^gated as one of the possible medianisms of peptide aggregation and deposition In 
AD ti9dM0. 
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The inheritance of the apolipoprotein (apo) E4 allele 
is an important risk factor for late-onset Alzheimer's 
disease (AD). A major component of the Alzheimer's 
disease neuritic plaques is amyloid p (A^). We pre- 
viously identified apoE/Afi complexes within neuritic 
plaques (1). It was not known if this interaction takes 
place before or after A/3 peptides become incorporated 
into neuritic plaques. To address this question we 
sought evidence of apoE complexes with brain soluble 
Ap peptides in AD and control patients. In addition, 
numerous proteins have been shown to bind A/5 pep- 
tides in vitro. It is not know if any of these bind brain 
sAp in vivo. We found evidence for the presence of 
apoE/dimeric sAjS complexes in the AD brain and could 
not detect complexes with other A^ peptide binding 
proteins. The binding of sAp to apoE may be one factor 
influencing its clearance from tlie brain and/or its con- 
formational state. b 1997 Academic Press 



The defining neuropathological lesions of AD are the 
deposition of amyloid f3 (AjS) in the form of amyloid 
fibrils in congophilic angiopathy and senile plaques, as 
well as the aggregation of abnormally phosphorylated 
tau into neurofibrillary tangles (2,3). The A0 contained 
in senile plaques is characterized by an altered confor- 
mational state that is predominantly /3 pleated sheet. 
Ap peptides can also exist as a normal soluble protein 
(sA^) in biological fluids (2). The major sequence of sA/3 
is 1-40 but longer and shorter A/9 peptides are also 
found (4). Synthetic peptides homologous to A/31-40 
have been shown to be able to cross the blood-bredn- 
barrier (BBB) both from the systemic circulation into 
the brain and from the brsdn out systemicedly (5-7). 



' Correspondence should be addressed to New York University 
Medical Center. Etepartmeiit of Neurology. 550 First Avenue. TH 
427, New York. NY 10016. Fax: (212) 263-6751. E-mail: thomas. 
wisnlewski@mcfpo.med.nyu.edu. 



Clearly one factor that can affect the deposition of A^ 
peptides as amyloid, in the extracellular space of the 
brain, is a reduced clearance across the BBB or alter- 
ations of Ap peptide uptake by cell surface receptors. 
AP peptide binding proteins are likely to affect both 
these mechanisms of brain AJ3 peptide clearance. In 
the CSF and plasma of normal individuals the major 
sAp binding protein appears to be apolipoprotein J (8- 
10). However, in the brain, it is hot known what are the 
sA^ binding proteins. One Ap peptide binding protein, 
identified by in vitro studies, is apolipoprotein E 
(apoE). ApoE is a 34-kb product of a four exon gene 
located on the long arm of chromosome 19. In humans, 
the apoE gene is polymorphic, leading to 3 major apoE 
isoforms, namely E2, E3 and E4. ApoE3, the most com- 
mon isoform. has a cysteine at position 112 and argi- 
nine at position 158; apoE2 is the least frequent iso- 
form, with cysteine at both positions, whereas apoE4 
possesses arginine at both sites (1 1). A strong associa- 
. tion between the inheritance of the apoE allele E4 and 
both sporadic AD and late-onset FAD has been de- 
scribed in numerous publications (12, 13) ..The in vitro 
studies showing Ap peptides binding to apoE and the 
observation that the inheritance of the E4 allele corre- 
lates with increased deposition of Ai3 in AD patients, 
suggests a direct apoE/A/? interaction (14,15). In vivo, 
we and another group have provided evidence that this 
apoE/A/? interaction occurs within senile plaques 
(1.16). Both studies showed that apoE co-purifies with 
Ap peptides during biochemical extractions of amyloid 
from neuritic plaques. Whether apoE bindings to Ap 
before or after it is deposited in amyloid plaques is not 
known. In this study we sought to address this ques- 
tion, £is well as the identification of possible brain sAP 
binding proteins, which may influence brsdn sAP clear- 
ance, in brain supernatants of AD and control patients. 

MATERIALS AND METHODS 

Brain tissue preparation. The cerebral cortex from 3 AD patients 
and 2 age-matched control subjects were analyzed. The AD patient's 
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brains fulfilling the CERAD criteria of AD (17). The brain tissue was 
subject to apoE isotyping using our published protocol (18). In order 
to produce a brain sA/7 containing fraction, the brain tissue was 
treated similar to prior descriptions (19,20). Grey matter was dis- 
sected free of vessels. The material was homogenized in a glass ho- 
mogenizer in 4 volumes (wt/vol) of TBS buffer (Tris: 20 mM; NaCl: 
150mM; EDTA 5mM) containing protease inhibitors (Complete, Boeh- 
ringer-Mannheim) and subjected to ultracentrifugation (lOO.OOOg. 
60 mins). Resulting supernatants were collected, dialyzed against 
mllilQ water over 48 hours and then lyophiiized. Lyophilized mate- 
rial corresponding to a volume of 5 ml of brain supernatant was 
resuspended in an equal volume of PBS buffer (10 mM phosphate, 
150 mM NaCl) containing protease Inhibitor. 

Immunoprecipitation ofsAfi and apo K For immunoprecipi tation 
of k0, 50 ij\ of paramagnetic dynabeads M-450 coated with goat anti- 
mouse IgG (Dynal) were incubated over 3 hours at room temperature 
with 5 A<1 of 4G8 (SenetelO and 5 /xl of 6E10 (21). 4G8 and 6EI0 
are monoclonal antibodies recognizing A^ residues 17-24 and 1-17, 
respectively (2 1) . For immunoprecipitation of apo E, 50 / J of magnetic 
beads were first incubated with 10 ^1 of monoclonal aiiti-apoE 3D12 
(Biodesign Int). The magnetic beads were then washed three times 
with PBS buffer containing 0.1% of bovine serum albumin. Brain 
supernatants (5 ml) were incubated in presence of saturated beads 
overnight at 4**C. After three PBS washes, the beads were either 
resuspended in Laemmll sample buffer for SDS-PAGE under reduc- 
ing conditions, or dried on a speed vac for mass spectrometry analy- 
sis. Pooled cerebrospinal fluid (CSF) from non-AD control subjects, 
synthetic A/91-40 in PBS at 50ng/ml and PBS alone were used as 
controls for the immunoprecipi tations of brain supernatants. Con- 
trols also Included brain supernatants, Immunoprecipitated with dy- 
nabeads alone. These controls were subject to SDS-PAGE emd mass 
. spectroscopy. A variety of other antibodies was also used for immuno- 
precipitation including: monoclonal anti-apoj (8), monoclonal anti- 
ai-antichymotrypsin (ACT; 8E6, Biodesign Int.). polyclonal anti- 
transthyretin (TTR; Adahtic antibodies) and anti-serum amyloid P 
component (SAP; Sigma). 

ImmuhobJot analysis. Samples were separated on a 16% tris- 
tricine SDS-PAGE and electroblotted onto PVDF membrane (Artier- 
sham) over 1 hour at 400 mA constant current using 3-cyclohexyl- 
amino-l-propanesulphonic acid, pH 11, containing 10% methanol. 
Membranes were blocked in PBS containing 0. 1% Tween 20. 5% non- 
fat milk and incubated overnight in 4G8 or BE 10 at 1:500 in PBS, 1% 
BSA. 0.1%Tween-20. followed by anti-mouse, horseradish peroxidase 
conjugated, secondary antibody at 1:2000 (Amersham). Blots were 
visualized using enhanced chemiluminescence (ECL. Amersham). 
For immunoblot analysis, we also used goat polyclonal ainti-apoE 
(Chemicon) at 1:500 dilution followed by incubation in presence of 
horseradish peroxidase conjugated, anti-goat IgQ (Vector) at 1:2000 
dilution. 

Mass spectrometry analysis. Immunoprecipitated samples were 
also subjected to laser desorption mass spectroscopy (LDMS) on a cus- 
tom built machine at the Skirball Institute at NYU Medical Center 
(22). Beads were washed three times in PBS. followed by speed-vac 
drying. The immunoprecipitated material was then eluted by 10 /xl of 
watenisopropyl alcohohformic acid (4:4:1). Five $j\ were subjected to 
LDMS using a-cyanno-4-hydroxycinnamic acid as a matrix (23). 



RESULTS 



Apolipoprotein E Isotyping 

The three AD brains had an apoE 3/3 isotype, while 
the two age-matched controls were 3/3 and 3/2. 



Presence ofsAfi Peptide in AD Brain Supernatants 

Analysis of brain sA0 in cerebral cortex was per- 
formed by Western blotting and LDMS. Western blot- 
ting was done using 6E10 for A/5 detection (fig lA). A 
4 and 8 kDa band immunoreactive with the anti-Aj0 
6E10 were evident in the immunoprecipitant from AD 
brain supernatant (figure lA, lane 1). The immunoprec- 
ipitant from. CSF showed only a prominent 4kDa Afi 
immunoreactive band (figure lA, leme 2). Controls in- 
cluded immunoprecipitations of S3aithetic A/31-40 at 
50ng/ml in PBS. which also showed the same 4 and 
8kDa immunoreactive bands (figure lA, lane 3). Syn- 
thetic A/01-40 (20ng) freshly dissolved in sample buffer, 
also showed the same 4 and 8 kDa Pi/3 immunoreactive 
bands (figure lA. lane 4). Immunoprecipitated samples 
were also analyzed by LDMS (figure IB). A)01-4O is the 
major species present in AD brain supernatant (figure 
IB. I), giving a peak of of 4329.3 (expected m/z of A/?l- 
40 is 4329.9). In CSF (figure IB-II) A/31-40 (observed 
m/z 4330.2; expected m/z 4329.9). 1-38 (observed m/z 
4131.6, expected m/z 4131.6) and 1-42 (observed m/z 
4515.3, expected m/z 4514.1) were detected. Synthetic 
A/? 1-40 showed a mass of 4329.5 (figure IB-III). The 
intensity of the sA/3 peaks obtained in CSF were consis- 
tently higher thein that obtained from brain superna- 
tants, even thought the concentration of brain sA/3 by 
ELISA was higher in the brain supernatants (data not 
shown). This was also true for equal quantities of syn- 
thetic Ay01-4O that were added to CSF versus brain 
supernatants. Hence the sensitivity of our method is 
lower in brain supernatants, explaining why we detect 
only sA)51-40 in br£dn supernatants. while in CSF sev- 
ered sAP peptide species are evident. 

Immunoprecipitation of Control, Age-Matched Brain 
Supernatants 

Analysis of control brain supernatants was done us- 
ing the isame procedures as for the AD brains. Immuno- 
precipitation lising anti-A/? antibodies 4G8 and 6E10 
failed to show an Ap immunoreactive bauid on Western 
blotting (figure 2A, leinel). and no A/? peptides peaks 
were noted by LDMS (data not shown). As expected the 
anti-apoE antibodies, immunoprecipitated apoE (figure 
2B. Iane2, see 34kDa band); however, these antibodies 
did not co-immunoprecipitate A/? peptides (figure 2A, 
lane2). These results indicate that the levels of brain 
sAfi and s A/?/apoE complexes are too low to be detected 
in normal brain supernatants. 

ApoE/AP Complexes in AD Brain Supernatants 

Using the anti-apo E (3D 12. Biodesign Int.), we 
were able to immunoprecipitate apo E from AD brain 
supernatants (figure 3 A. lane 1). Significantly apo E 
could also be immunoprecipitated by anti-A)9 anti- 
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FIG. 1. Western blot (A) and mass spectrometry analysis (B) of sA^ present in AD brain supematants and in CSF. (A): AD brain 
supematants were immunoprecipitated using monoclonal anti-A^S antibodies: 4G8/6E10 (21) and goat-anU-mouse magneUc beads (Dynal). 
5 ml of pooled. non-AD CSF and 5 ml of phosphate buffered saline (PBS), containing synthetic A^l^o (50 ng^ml) were processed the same 
way and used as controls. The inununoprecipitants were separated on a 16 % tiis>tricine gel electrophoresis, transferred onto PVDF 
membrane and Immunoblotted with anti-A/3 antibody 6Elb (21). Vi^allzation Was carried out by ECL (Amersham) . In lane 1 AD brain 
supernatant immunoprecipltant was loaded. A 4 and 8 kDa band corresponding to monomelic and dimeric Ai9 are evident The 8kDa band 
is more prominent. Lanes 2 and 3 were loaded with immunopredpitant from CSF and PBS containing A^i.«> (50 ng/ml) respectively. A 4 
kDa band is seen in lane 2 corresponding to monomeric A^. In lane 4, 20 ng of synthetic A/?I*40 was run and 4 and SkDa bands are seen. 
The heavy higher molecular weight bands seen at 24. 28 and 50 kDa correspond to the heavy and light chains of immunoglobulin. (B) 
Analysis by LDMS of the Immunoprecipitated material. 1) AD brain supernatant. II) pooled non-AD CSF. Ill) Synthetic A/?l-40. A/?l-40 is 
the major species present in AD brain supernatant (fig IB, I), giving a peak of of 4329.3 (expected m/z of A/31-40 is 4329.9). In CSF (fig 
IB-n) Aj91-40 (observed m/z 4330.2; expected m/z 4329.9), A^l-38 (observed m/z 4131.6, expected m/z 4131.6) and A/9 1-42 (observed m/z 
4515.3, expected m/z 4514.1) were detected. An additlonad peak is noted (indicated by an asterix), that does not match to an A/? peptide. 
This peak was also seen in some controls when PBS was immunoprecipitated with beads alone; hence this peak corresponds to a contaminant 
in the magnetic beads. Synthetic A/3 1-40 showed a mass of 4329.5 (fig IB-III). 



bodies 4G8 and 6E10 (figure 3 A, lane 2). Conversely, 
dimeric skfi was immunoprecipitated by anti-apoE 
antibody 3D12 (Biodesign Int.) (figure 3B, lane 2). 
AD brain supematants were also immunoprecipi- 
tated with.4G8/6E10 (figure SB. lane 1). In both sam- 
ples. Western blot analysis uising 4G8 shows one 
band located at 8 kDa corresponding to the dimer 
form of A^. The identity of this 8kDa A/? immunorer 
active band was confirmed by LDMS. LDMS showed 
a peak of 4327.9. corresponding to A)01-4O (expected 
m/z 4329.9) (figure 3C). LDMS shows only the mono- 
meric form of A/? 1-40, since the solution used to elute 
the material from the magnetic beads (waterrlsopro- 
pyl alcoholiformic acid. 4:4:1) disrupts the dimers. 
This is also true of aggregated synthetic A/91-40. Us- 
ing the same experimental procedures anti-apoJ, 
anti-SAP. anti-ACT and anti-TTR antibodies failed 
to immurioprecipitate sA/3, evaluated both by West- 
ern blotting and LDMS (data not shown). 



DISCUSSION 

Our results clearly show that brain sA/? is complexed, 
in part to apoE. This was established in our immunopre- 
cipitation experiments by showing that anti-apoE anti- 
bodies can co-precipitate sA^ and conversely monoclonal 
anti-A/5 antibodies can immunoprecipitate apoE in 
brain supematants. The identity of the immunoprecipi- 
tating sA/? was determined by Western blotting and by 
mass spectroscopy. Under the same conditions, we did 
not find evidence of brain sA^ complexes with other 
proteins such as apo J. serum amyloid P component, ai- 
antichymotrypsin and transthyretin; each of which is 
known to bind A^ peptides in vitro. In control brain 
supematants we failed to found such complexes, sug- 
gesting that either in these brsdns such complexes do 
not exist or that our methods are not sensitive enough to 
detect lower levels of these complexes in normal brains. 
Previously we have established that A^ extracted firom 
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FIG. 2. Shows Western blots of immunoprecipitations using con- 
trol, age-matched brain supematants. In A, the primary antibody 
used was monoclonal. anti-A/3 antibody 4G8. while in B the same 
blot was. developed using polyclonal anti-apoE (Chemlcon). In lane 
1 (A and B) immunoprecipitants using monoclonal anti-Ai? 4G8/ 
6E10. was loaded . Lane 2 and 3 (A and B) were loaded with immuno- 
precipitants using antl-apoE (3D 12. Biodesign Int.) and antl-ACT 
(8E6, Biodesign Int.) respectively. In A and B lane 4, 10 ng of syn- 
thetic A^ 1-40 and 20ng of recombinant apoE (Pan Vera) were loaded 
respectively. In A, a 4 kDa band corresponding to the synthetic A^l- 
40 is seen in lane 4 only. No A/7 immunoreactive band was seen in 
any of the control brain supernatant immunojprecipitation experi- 
ments. In 8. a 34kDa apoE immunoreactive band is seen in lanes 2 
and 4. corresponding to the control brain supernatant immunoprecip- 
itated apoE and the recombinant apoE respectively. The heavy 
higher molecular weight bands seen at 24. 28 and 50 kDa correspond 
to the heavy and light chains of immunoglobulin. 



neuritic plaques, is in part complexed to apoE (1). The 
presence of apoE in neuritic plaques may only be related 
to the know "sticky" nature of amyloid deposits, with 
the apoE becoming associated with the A0 only after it 
is deposited. However; our results would suggest that 
apoE can bind dimeric sAfi peptides prior to their paren- 
chymal deposition. 

The binding of apoE to brain sA/3 may be onfs im- 
portant determinant of the sAp clearance from the 
brain and/or from the brain's extracellular space, 
where amyloid deposition occurs. Interestingly it has 
been shown in a guinea-pig model that A/51-40 peptides 
complexed to apoE has a greatly reduced transport 
across the blood-brain barrier (BBB), compared with 
Afi peptide alone or A/3 peptides complexed to apoj 
(5,24). Hence, in the AD brain the formation of brain 
sA/?-apoE complexes may be one factor reducing clear- 
ance of sA/? peptides from the brain, across the BBB. 
The current study did not address any differences in 
the levels of brain sA;0-apoE complexes related to apoE 
isotypes; such studies are in progress. The apoE isotype 
of ' each of the three AD brains we examined was 3/3, 
while the two controls had a 3/3 and 3/2 isot3fpe. How- 
ever, differential binding of the three apoE isotypes to 
AP peptides may influence sA/3 clearance from the 
brain. The binding of deiipidated apoE3 and E4 to A/? 
has the same Kd (25), while lipidated apoE3 in gel shift 



assays, appears to bind A/3 peptides better than lip- 
idated apoE4 (26-29). The latter finding has been used 
to suggest that apo£3, with its better binding to A/?, 
may clear sA^ more quickly from the brain, via interac- 
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FIG. 3. Western blot (A, B) and mass spectrometry (C) analysis 
of the apo E/sA0 complex in AD brain supeiTiatants. (A) AD brain 
supernatant was subject to immunoprecipltation with either mono- 
clonal anti-apoE (3D12, Biodesign Int.) Gane 1) or monoclonal anti- 
A0 4G8/6E10 Oane 2). Immunoprecipitatants were separated on a 
16% tris-tricine gel electrophoresis, transferred onto PVDF mem- 
brane and immunoblotted using a goat polyclonal antl-apo E.(Chemi- 
con)> Lane 1 shows AD brain supernatant immunoprecipitated by 
anti-apoE. Leme 2 shows AD brain supernatant immunoprecipitated 
by anti-A^ 4G8/6E10. In lane 3, 5 ng of apo E purified from plasma 
was loaded. A 34kDa band corresponding to apoE is seen in lanes 1- 
3. Significantly the monoclonal anti-A/5 antibodies also immunopre- 
cipitated apoE (see lane 2). The 25 and 50 kDa bands seen in lanes 
1 and 2 correspond to the heavy and light chains of immunoglobulin: 
these bands are less intense than seen in figures 1. 2 and 33, since 
this PVDF membrane was exposed for a shorter time. (B) AD brain 
supemataint was subject to immunoprecipitation with either mono- 
clonal anti-A>9 4G8/6E10 (21) (lane 1) or monoclonal anti-antl-apoE 
(3D12. Biodesign Int.) (lane 2). Immunoprecipitatants were sepa- 
rated on a 16% tris-tricine gel electrophoresis, transferred onto 
PVDF membrane and Immunoblotted using monoclonal anti-A/9 4G8 
(21). An 8 IdDa A^ immunoreactive band is evident in lanes 1 and 
2. The 25 amd 50 kDa bands seen in lanes 1 and 2 correspond to the 
heavy and light chains of immunoglobulin. (C) Shows the LDMS 
peak obtained for the immunoprecipitaht from AD brain supernatant 
using monoclonal anti-apoE antibodies. This represents the same 
material which was run in lane 2 of the Western blot B. The mass 
peak is 4327.9 corresponding to A^l-40 (expected m/z 4329.9). 
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tions with apoE specific receptors on cell membranes 
(26). This hypothesis requires the existence of brain 
sA)3/apoE complexes, which we have demonstrated. 

Our studies also make the observation that AD brain 
sA0 appears to be more dimeric than monomeric. This 
is in agreement with a recent study using fluorescence 
resonance energy transfer to examine the structure of 
soluble A/? 1-40 at low concentrations, showing that un- 
der these conditions sA/3 peptides can exist as a stable 
dimer (30). Interestingly apoE in the AD brain appesirs 
to be complexed primarily to this dimeric form of sAjS. 
This is evident in our immunoprecipitation experi- 
ments using anti-apoE antibodies in brain superna- 
tants (see figure 3B). The A/3 immunoreactive band co- 
immunoprecipitating with apoE is 8kDa rather than 
4kDa. Conversely, in our immunoprecipitation experi- 
ments using pooled normal CSF. sA^ was found to exist 
mainly as a 4kDa band (see figure lA). The relative 
lack of dimeric sA/? in CSF may be related to concentra- 
tion and/or the known anti-fibrillogenic properties of 
CSF (31). The complexing of apoE primarily to dimeric 
brain sAj0 is consistent with our previously stated hy- 
pothesis that apoE acts as a chaperone to A^^, influenc- 
ing its conformational state (32,33). We do not know if 
this dimeric form of AD brain sAj3 is abnormal since 
the quantity was too small for conformational analysis; 
however, we have previously shown that apoE prefer- 
entially binds A/3 peptides in a /S-pleated sheet confor- 
mation (25), suggesting that the dimeric sA^ which 
we found in AD brain supematants may represent an 
intermediate between normal sA0 and Afi peptides de- 
posited in brain parenchyma. 

The presence of the apoE4 allele is the major identi- 
fied risk for the presence of late-onset AD. This report 
provides the first evidence for the existence of brain 
sA;0-apoE complexes. Another important gene for the 
presence of AD is presenilin 1 (PSl) ; mutations of this 
gene are the most common association with early-onset 
AD (34). Like apoE, PSl has been found to be compo- 
nent of neuritic plaques. (35.36). It remains to be deter- 
mined if each of the proteins which have been linked 
to the development of AD can also interact with sA/3 
to influence amyloid deposition. 
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Amyloid B (AB) is a ffbrillajr component in Alzheimer's disease amyloid deposits and a 
soluble peptide (sAfi) normally present in body fluids. We have recently reported that the 
blood-brain barrier (BBB) has a capability to control cerebrovascnlar sequestration and 
transport of circulating sAfi. In this study, we examined whether two circulating amyloid- 
associated proteins shown to bind sAii, apolipoproteins J (apo J) and E (apo E), can cross 
the BBB alone and/or complexed to a synthetic peptide homologous to a major forro of sAB, 
sAB,_.. Brain perfusion Experiments in guinea pigs showed significant uptake of both apo 
J and sAB, apo J complexes. In contrast, blood-brain transport of sAB, apo £ was 
negligible, while apo E had a limited access across the BBB, indicating that the apo E found 
within the brain is produced locally. It is concluded that sAB,., binding to apo J and apo 
E results hi significant (> i00-fpld| difierence in brain uptake of their respective complexes. 
We h3rpothesize that in normal brain apo J facilitates sAB transport* q ^994 Academic 

Press, Inc. 



Amyloid B (AB) is the principal constituent of the fibrillar aggregates of amyloid in senile 
plaques and cerebral blood vessels in Alzheimer's disease (AD) and related disorders (1-4). The 
AB extracted from senile plaques of AD patients contains 42/44 amino acids (1-4), while the 
vascular amyloid is shorter at the C-terrninus, i.e., 39/40 amino acids long (5). Recently, soluble 
AB like peptides (sAB), with major form similar to vascular amyloid, AB 1 .40, and minor AB,_42 
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Jhe abbreviations used a£ei BBB, blood-brain barrier; AB, amyloid B; sAB, soluble amyloid 13; 
apo E, apolipoprotein E; apo J, apolipoprotein J; AD, Alzheimer's Disease; CNS, central nervous 
system. 
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sequences, were identified in media £rom cell cultures of untransfected and B-amyloid precursc:, 
protein-transfected celis, as well as in cerebrospinal fluid (CSI^ and plasma from normal and AD 
patients (6-10). The discovery of circulating sAB suggests diat AID and systemic amyloidosis 
may have unifying features (1 1). This hypothesis has been supported by our recent findings that 
sAB,-40 crosses the blood-braiii barrier (BBB) (12). The putative role of certain apolipoproteins 
in controlling levels of sAB in the extracellular and intracellular fluids of brain and other tissues, 
as well as their influence on fibril formation has been considered (11). It was shown that sAB 
specifically binds to apoUpoprotein J (apo J) (13) as well as to two different isoforms of 
apolipoprotcin E (E3 and E4) (14). The complex sAB, ^-apo J was demonstrated in normal CSF 
(13), and our recent in vivo studies indicate that in normal human plasrna sAB is chieflv 
transported with, apo J as iL component of the high density lipoproteins (HDL) (15). On the othe 
hand, it has been su^ested that apo £ in brain acts as a pathological chaperone by modulating 
B-pleated conformation of AB (1 1). Consistent with this theory, there is genetic linkage between 
apo £4 and late onset AD (14). In this study, we examined the BBB transport and sequestration 
of apo J and apo E alone or complexed with a synthetic peptide homologous to major form of 
sAB, These experiments were performed to test the hypothesis that circulating 

apolipoproteins may be involved in the control of sAB homeostasis in the brain and cerebral 
microvessels. 

METHODS 

•Vascular brain perfusion - Guinea-pigs (Hartley strain) of either sex and 250 to 300 g body 
weight were anesthetized intramusculady with 6 mg/kg xylazine (Rompun; Mobay, KS) and 30 
mg/kg ketamine (ECetacet; Aveco, lA) prior to surgical exposure of the neck vessels. Details of 
the vascular brain perfusion technique were previously described (16,17). 

Synthetic peptide and proteins - Peptide sAB^o was synthesized at the W. M. Keck Facility 
at Yale University. Human apo J was from Quidel (Saii Diego, CA); human apo E was from 
Chemicon International (Temecula, CA). sAB^o> apo J and apo E were labeled with Na[ 
(13.7 mCi/\ig, Ainersham,- Arlington Heights, using lodobeds (Pierce, Rockford, II) following 
manufacturer's instructions. The specific activities of [*"l]AB,^, [*^I]apo J, and [*"r|apo E were 
7.1, 4.8 and 8.9 p.Ci/fxg, respectively, [ ^^l]-labeled sAB,.4oapo J and sABi-40-apo E complexes 
were obtained by incubating either iodinated apo J or apo E widi sAB ,.40 in phosphate buffet, pH 
7.4 at 37**C for 3 hr. The specific activities of iodinated sAB, .40 apo J and sAB MO-^ipo E 
complexes were 4.4 and 8.5 jj.Ci/^g, respectively. The formation of complexes was assessed on 
I % agarose gels (Paragon, Beckman, FuUerton, CA) and visualized via Coomassie blue (18). 
Brain uptake measurements - Radioiodinated sAB ^po J, apo E, sAB].4.Qapo J and sAB,_,o- - 
apo E were introduced separately into the perfusion circuit by a Harvard slow-drive syringe punir 
at a rate of 0.2 ml/min within 10 min. [ **C]sucroj5e was used as a standard cerebrovascular space 
marker. ['^ I] apo J and f ^Ijapo E were also smdied in the presence of unlabeled apo J and/or 
agp E. Unlabeled apo J and apo E were pre-infused'into the brain 5 min before perfiisibn of 
^ l]-labeled ligand, and then for additional 10 min simultaneously with labeled ligand. In all 
experiments, the perfiision was terminated by severing the right common carotid artery and 
decapitating the animal. The ipsilateral cerebral cortex was quickly removed &om the skuU, 
arachnoid membranes were peeled away, and the choroid plexus was discarded. The brain was 



1432 



Vol. 205, No. 2, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 



then homogenized, and [ and [ *^C] radioactivities determined in a gamma counter Beckman 
4000 and Beckman LS-7500 liquid scLatillation spectrometer, respectively. In some experiments, 
following 10 rain perfusion the brain tissue was subjected to the capillary depletion procedure 
and microvessels were separated from the perfused brain (19,20), to determine tightly bound 
microvascular fraction and the transendothelial transport, i.e., the amoimt of test-ligand that has 
crossed the EBB into brain parenchyma. 

Calculations - Brain uptake was expressed as volxmie of distribution (Vd) of radiolabeled sABi.40., 
apo J, apo E, sAB,. 40-apo J, sAB,_^jj-apo E and sucrose in the brain calculated. as (16,19): V d — 
Cbr/Cpl (eq. 1), where Cqr and Cpl are DPM or CMP/g of brain, and DPM or CPM/ml of 
perfusate, for [ IJ or [ '*C] radioactivities. Correction for the test peptide/prqtein isotopic uptake 
within brain vascular space was made by subtracting brain uptake of cerebrovascular space 
marker sucrose as (17,19): Vptest - Vd sucrose (eq. 2). During perfusion, the concentration of test 
tracers in the arterial inflow, CpL, remains constant When brain tissue was subjected to the 
capillary-depletion step, Vd values for microvessels and capillary-depleted brains were calculated 
by eq. 2, and DPM or CPM for tracers were expressed per unit mass of microvascular and 
capillary-depleted brain tissue, respectively. Results were compared by analysis of variance and 
Student's t test; p < 0.05 was taken to be statistically significant. 

RESULTS 

Table 1 illustrates significant brain uptake of circulating radioiodinated apo J and sAB t.^o 
apo J complexes within only 10 min of arterial infusion; their respective V „ values were 16 and 
37-fold higher than the uptake of sucrose. In contrast, V d value for apo £ was only about 2-fold 
higher than for sucrose, while brain uptake of sAB ).4o-apo E complexes was even lower relative 
to sucrose. Uptake of sAB 40 -apo J complexes was significantly higher that uptake of sABI-40 
alone, apo J alone, and sAB i.4o^apo E complexes by about 4, 2 and nnore than 100-fold, 
respectively. On the other hand, uptake, of sAB ,.40 apo E complexes was significantly lower in 
comparison to sABl4o and apo E alone, by about 30 and 7-fold, respectively. As shown in Fig. 



TABLE 1. BRAIN UPTAKE, Vp, OF lODINATED ^i^q AND APOLIPPROTEINS J AND 
E COMPLEXED TO ^b,^o AFTER 10 MIN OF CAROTID ARTERIAL INFUSION 



TRACER 


Vb(^l/9) 


RI 


n 


sAB 


26.8+3.12 


9.71 


19 


sAB 1.40 apo J 


102.5 H-32.7a 


37.13 


4 


sAB 1.40 apo £ 


0.91 +0.32'' 


0.32 


6 


apo J 


43.4+10.0' 


15.71 


8 


apoE 


6.53 ±3.20** 


2.34 


6 


sucrose 


2.81 +0.80 


1.00 


12 



Values are means ± SE, n is number of perfused brains. RI» relative increase; entries are ratios 
of Vj, peptide/protein vs. Vp sucrose. Vd for all peptide/protein (except sAB,.4Q-apo E) are 
signifcantly higjier than for sucrose. *p < 0,002 for sABj.^j -apo J vs. sAB,.4o and sAB,_4,-apo E by 
ANOVA; p < 0.002 for sAB,__4oapo E vs. sASi.40 by Student's t-test; > < 0.05 for apo J vs. sAB,_ 
^^apo J by Student's t-test; < 0.05 for E vs. sABi^apo £ by Student's t-test 
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Figurel. Compartmental distribution of radioiodlnated sAB xot sAB, apo J and sAB, 
apo E following 10 min of brain perfusion in the guinea-pigi; A, transport of test-tracers into 
brain parenchyma. B, sequestration of test-tracers by cerebral microvessels. Values are mean 

±.SE, n = 4-8: ap < 0.02 to 0.001 for sAB._,.-apo J vs. sAB,.-. and sAB, -apo E by ANQVA; p 

< 0.02 to 0.0 1 for sAI3,__, ^ E vs. sAf3 . _ by Student's t test. C and D, electrophoretic mobility 
of sAf3 . apo J, apo E and the corresponding complexes, assessed by agarose gel 
electrophoresis. Five micrograms of protein were loaded in each lane. Staining was Goomassie 
blue. 



I A, the transendothelial transport of sA13 . . — apo E complexes is zero, and their sequestration by 
microvessels is barely aboye backgroimd level (Fig. IB). In contrast, both transport into brain 
parenchyma and binding to cerebral microvessels of sAi3 .^-apo J complexes were significantly 
higher relative to sA13 . alone (Figs. lA and B). The complex formation has been assessed in 
non-denaturing conditions on agarose gels (Figs. IC and 2D), and by non-SDS-PAGE (not 

25 

shown). Fig. 2 illustrates almost complete self-inhibition of [' l]-apo J brain uptake, 
transendothelial transport and microvascular binding by low concentrations of \mlabeled apo J. 



1434 



Vol. 205, No. 2, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 



On the other hand, low brain extraction, transport and microvascular binding of [ ' I]-apo £ was 
non-inhibitable by low nM concentration of unlabeled apo £ (Fig. 2). 

DISCUSSION 

This study has demonstrated that binding of sA13 .... to apo J and apo E results in 
significant (> 100-fold) difference in brain uptake of their circulating complexes, ranging from 
remarkable values as determined for sAB — apo J complex, to negligible and almost 
unmeasurable values as in a case of sAB ..^-apo E complex (Table 1). Compartmental brain 
analysis has revealed the transendothelial transport and extremely high degree of capillary 
sequestration of sAB. .^..apo J (Fig. 2), in contrast to 5AB,_ — apo £. After only 10 min of carotid 
arterial infusions, brain uptake of radioiodinated sAB and sAB,_«..apo J reached about 2.6% and 
10.2% of their respective concentrations in plasma perfusate, that was about 10 and 37-fold 
higher than the uptake of cerebrovascular space marker sucrose. In contrast to present findings, 
relatively low BBB permeability to human sAB. has been recently reported in mice (21). The 
discrepancy with this study might be explained by the species difference, and/or by the difference 
in the peptide sequence. Namely, the analogous AB..^ in mouse and rat differs at three positions 
[G^y^ Phe'^ Arg'^] (22) from human AB, while the amino acid sequences of AB in guinea-pigs 
and humans are identical (23). 




'CAPILLARY'-'' ■ 
B DEPLfTEfiBMlNv- C : MKSRQVES^aiS 




apo J 



apo E 



apo J 



apo E 



apo J 



apo E 



Roure 2, Brain uptake and compartmental distribution of radioiodinated apo J and apo E 
fbiiowing 10 min of brain perfusion in the guinea-pig. A, blood-to-brain transport of test- 
tracers. B, transport of test-tracers into brain parenchyma. C, sequestration of test-tracers by 
c^bral microvessels. Values are mean ± SE, n = 3-8. Solid bars represent distributions of 
1 l]apo J and ['^ l]apo E in the absence of unlabeled apolipoproteins. Open bars represent 
distribution of [ ' ^I]apo J in the presence of 44 nM unlabeled apo J, and distribution of [ IJapo 
H in the presence of 6 nM unlabeled apo E. Bp < 0.05 to 0.005 for apo J self-inhibition; --. non- 
significant for apo E self-inhibition; 'p < 0.05 to 0.003 for l]apo J vs. [ "^Ijapo E. by Student's 
t-test 
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Although, knowledge of the mechanisms by which peptides and proteins are transported 
across the BBB is still limited, recent reviews (17,24-27) favored the theory that several peptides 
and proteins are transported across cerebral capillaries by specific receptor and/or carrier-mediated 
transcytosis. According to our recent report, it seems that this is also true for sAf3i.4o (12). The 
finding that normal BBB has a capability to sequester and transport sAf3 and sAf3-apo J 
complexes (Table 1, Fig. 2), would imply that both processes may contribute to accumulation of 
circulating sA13 in the extracellular space of brain and cerebral vessels. Hie possibility that in 
nornial brain ape J may have a role of carrier protein across the BBB for sAB, is also supported 
by our recent observation that in the plasma sA13 is preferentially transported as a complex with 
apo J incorporated within HDL 3 and VHDL (15). On the other hand, sAB complexed to ape ' 
will have minimal permeability to the BBB. Since apo E has limited access across the BBB, 
is likely that the apo E foimd within normal central nervous system (CNS) is produced locally. 
This is consistent with the distinct sialyation pattern of apo E in the CNS (28). Our studies 
suggest that apo J may have systemic origin. However, in the disease state it is unclear what the 
source of the apo E is, since the BBB permeability could be altered to apo E. Apo E is known 
to be an acute-phase reactant within die CNS, and in response to injury apo E may assume the 
role of pathological chaperone by binding and sequestering sAf3 within the CNS (29). 

The mechanisms by which apo J and apo £ influence BBB trafficking of sAf3 deserve to 
be explored in greater detail. Significant brain uptake of apo J (Table 1), i-e., 3.5 to 4.5-fold 
higher than for insulin (24), as well as inhibition of [ l]-apo J in situ BBB binding and 
transendiothelial transport by low nM concentrations of imlabeled apo J (Fig 2) (in a do.-:- 
dependent fashion, data not shown), would suggest the presence of a specific high affinity 
receptor and/or carrier for apo J. The possibility that a lower affinity BBB binding and/or 
transport mechanism(s) operates for apo E could not be ruled out based on present data. In this 
study, human apo E containing mainly apo E3 isoform was - used. Our preliminary experiments 
utilizing human recombinant apo E3 and apo E4 suggested similar low BBB uptake. In 
summary, present results provide initial experimental evidence in support of the hypothesis that 
circulating apo J and apo E may be involved in controlling transport of sAB in normal brain. 
However, it remains to be determined whether BBB transport and microvascular .sequestration 
of these apolipoproteins alone or complexed with sAl3 are critical for the development of A 1) 
pathology. 
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Niimerotis studies htwe esUMsbed a Urfkag^e he- 
tufeen the ^tpoUpoproiein B4 aJOA and Ude- 
; onset A^heimer's disease. It rem^dns unclear ^ 
apo E j^ays a itirect role in the pathogenesis of 
jUxheimer's disease and ufhat, if any^ are Us si^ 



Apo E has been Jknatdimm$taohimiafemu3^ 
aUtypes of ontykHd deposits €tadapoEfi^t^g^nen*s 
have been isolated fham amyioi^ Earthe9 $uore, 
apo E has been shown ta bitd sot^te Ap^ It has 
heen proposed thai apo B acts toprpmote and/or 
trffrffrff fff AfifMi formation^ It is well estah- 
Ushed that peptides homologous toAfi wiUf^rm 
gtmyloidUke JthrHs in Sedation, WSth the use of 
eleOron ndcrwcopy and a tbiojiavin Tasst^Jbr 
^MtfornuUlonujefimna that apo E and apo E4 
tn particular enhance this spontaneous jUfrOto- 
genesis of All peptides under the in Wtro conOi: 
Hons used These bxvitxodata suggest Oiatthe 
apo E4 isoformis a rish factor for Alzheimer^s 
disease that acts to accelerate a process Uwt 
can occur in its absence, (AmfPtttbd 1^ 
14S:Ii&O-^€350 



, Recent data have shown tihkage between the apoll- 
popTDtein (apa)E allele. 64, end late-onset Ateh^-. 
WBfB disease (AD; for review see ref. 1). *n>|s Jinkage 
has beeh oonflrmed by nurneroua Infvestigafors and \n 
different ethnic populations.'* Furthermore, the inher- 
itance of the apo E4eUele has been associated with 
an earlier age off onset and a greater amyldd (A9) 



immunoreactivity in an allele^ose-dependent 
manner.'^ Apo E Is a 34-kda glycosylated p/ot€Hn 



encoded by a four-exon gene on the long ami of chr«> , . 




mozygous for apo E3: while 2 to 3% are honiS*: ^.^j^ 
gous. Apo E4 differs from E3 by a single arnino .ac^ i v;^ 
residue; E4 has an arginlne at residue 112 indeed of / ip| 
cysteine. Apo E2 has cysteines at both resldueal 12 \{\^ 
and 168.'* Of ail the apofipoproleins apo E is the moat ' ^j^^ 
irnporiant for nervous tissue, where it is crlticel. In the 
mobilization and redlstributidn of cholestere! during fij^ 
nonnal growth and following injury.®-' In the nervcjiis . 
system apo E is an acute-phase feactant in tha«^its, '^-^^ 
levels rise foltowing t)Oth peripheral and centr^ ner-: 
vous system (CNS) Injury.^ It is produced withiri th^ : h 
CNS by both glial cells and macrophages, *^"ron^ >; 
do not produce apo E but express itie apo G-bindinst C'J;*^' 
receptor, low-density lipoprotein receptor-related pro- . 
teln by which it can be internalized.^ * • 

Before the discovery of the linkage between AD : 
and apo E it was found that apo E is present Immu- • f^>> 
nohistochemically In the lesions JhdX characterize AD, • 
senile plaques and neurofibrillary tangles (NFT) 
In addition it is found In ail other types of amyloid 
deposits, including prion diseases,'^ Apo E was al^ . 
known to be closely associated with certain systemic 
amyksid deposits by direct btochemical analysis (ref. 
11 and unpublished obsenmilpns). These observa-. 
tk>ns and the known other properties of apo E led us 
to propose that apo E may function as a "pathoiogteal 
• chaperone' In amyloid deposits- '° By this we mean 
that apo E can promote the aggregation of amylo*- 
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dogenic proteins into th© i5-pieated sheet conforma.- 
tidn that Is typical of all amytold deposits. This would 
in turn inhibit further protedlysis of these deposits. 

In this paper we report the use of an h vitro model 
of amyloid fibril formation to test the concept that apo 
E functions as a promoter of the fibriltogenesis of 

peptides. Synthetic peptides homologous to Afi 
yinll spontaneously form amylold-like fibrils in 
solutioin''*-'* Wte used peptides homologous 1o Ap 
1-40, which is tile major sequaice of the soluble Ap 
(sA/5)^^-ao to study the effects of the presence of apo 
ea and E4 oh the process of fibrillogenesis by means 
Of electron mtcnoscopy and a thioflavin T assay. The 
'latter is an established fluoiiescence assay for the 
quantitation of amyloid fibril growth in solution.^^--^ 

Maierialj^and Methods 
SynthieCc Peptides and Proteins 

fepBdekp 1-^. corresponding to residues 1-4o'of . 
Ajj, was synthesized by sotid-pfiase procedures at 
trp& Center for Analysis and Synthesis of Macromd- 
(Slate Uriiversiiy of New York, Stony Brook), 
peptides were purified by high-performance 
Jg6y Ichnomatography using a 3.8 x 300 mm 
l^jjidarak CIS cplun^n and a lirie^^ 
^^•ac^^^ile in 0.1% triflubrpacetfc acid at aitow 
rate c* 2ml/iTl?n. f^tide sequences Were determined 
t^f . Automatic Edman degradation on ja A77^ protein 
• s&iuencer and the PTH derivatives analyzed with an 
phiine 12CkA PTH analyzer (Applied Biosystems, Fos- 
ter Crty, CA). Purity and quantitation of the peptides 
were done, by amino acid analysis using a Proo-Tag 
analyzer (Waters Chromatography Division, Marl- 
boro, MA). V 

Recombinant apo E3 and E4 were purchased from 
CaJbiochem Corp. (San Diego, CA) and also pro- 
duced as described^ The purf^ of the apo E prepa- 
ration was >95% as assessed by SDS-PAGE and 
amino terminal sequencing as described above. Bo- 
vine ubiquitin and lx>vine serum albumin (BSA) were 
purchased from Sigma Chemical Co. (St. Louis, MO), 
Protein content of these preparations was determined 
using a micro BCA protein assay reagent i^it (Pierce 
Chemical Co,, Rocl<ford, IL). 

Aggregation and Fluorometric 
Bcperlments 

A stock solution of Afi 1-40 was prepared In 0.1% 
triftjoroacetlc acid. .60% acetonrtrHe, end stored at 
-20 G, with pe coneemratlon determined by amino 



— add analysis. Aliquots of this stocl^ were lyophi'iiied. 
and incubation was started at room temperature by 
adding 0.1 mo|/L Tris pH 7.4. Stock solution of 
combinant apo E was made In 0.1 moW. ammonium 
bicarbonate with the protein content determined 
using a BCA protein assay kit Aliquots were lyophl- 
lized and resuspended In 0.1 mpl/L Tris pH 7.4. The 
studies were done a! a concentration of 250 \irr\o\/L of 
Ap 1-40 and 2.5 MmolA- apo E3 or apo £4, The in- 
cubation volume was 35X. A/5 1-40 was incubated 
alone or with recombinant apo E3 or £4 at room tem- 
perature for the Indicated Inten/als. 
. A^ incubations with bovine ubiquitin and BSA were 
done as a control. Apo £3 and E4. BSA and ubiquitin 
were also incubated alone as a control. For the latter 
oontrbi experiments apo E3 and E4 were incufc>ated at 
a concentration off 10 pmo(/L and BSA and ubiquWn 
atSOOpmol/L 

Ruorometry was performed as described,*' ^ The 
incubated dimples were added to 50 rnmol/L gfycine 
pH 9.2, 2 Mnrtoi/L thioflavin T (Sigma Chemical Co.) in 
a finaJ volume of 2 mL Ruorescence was measured at 
excitation 435 nnni and emission 485 nm in a HrtachI 
F-2000 fluorescence spectrophotometer. A time scan 
of fluorescence was performed and three values after 
the decay reached a plateau (280, 290, and 300 sec- 
onds) were averaged after subtracting the baclc- 
ground fluorescence of 2.0 ymoVL thioflavin T. 
Samples were run in duplicate. The mean ± SD, for 
three separate expenm^nts. is plotted in Figure 'i . 

Electron Microscopy 

Afi peptides alone or incubated with recombinant apo 
*^E3 and E4 arid control proteins at the concentrations 
' used above were Incubated for 7 days at room tem- 
perature and placed on carbon fbmnar-coated 400- 
mesh, fresh glow-discharged nickel grids (Ladd Re- 
search Industries Inc., Burtington, VT)for30 seconds 
tjlotted and stained with 2% uranyl acetate (t.add Re- 
search Industries Inc.) for 30 seconds, under a yjgpor 
of 2% glutaraldehyde. Grids were vieOaliz^^lon a 
Zeiss EM 10 electron nilcfoscope at 60 IcV. ' 



Resufts ^ 

Freshly suspended A/B 1-40 either alone or co- 
Incubated wim apo e In the fluorescence buffer 
showed no specific thioflavin-T fluorescence at emis- 
sion 485 nm. Our&ig the 10 days of incubation there 
wasagradual fncreaseof the fluorescence of both A^ 
alone, and A0 co-incubated with apo E3 and E4 (Rg* 
uie 1). Hpwever.therateof Increase was greatest wim 



1092 Wlsniewskf elal 

4fl>/i/^uemter 29p4, W. 145, Mi. $ 



I' 



1 



o 



50-| 

40- 

30 

20- 

10' 



Figure 1. 7hki/lav(n T atstfy of 1-^9 amy- 
kSd fibrii fanutUcn. IW moan /hmrvscmoe 
^tstmdtud deiHation <in ofbttrmy ukU^ » fitoi- 
titct agfiUna the incuhaiion period^ ef: Afi 
f-^O a»a apo E i coTowaod by sboft 
dasM>, Afi 1-40 and apo^iy^ ttmnected by . 
$tmi^bi Hm\ A$k T^O alone <tK connected tjy 
kinRdaibe^.iiridapoS4tikrmfiA,com9oei0d^ 
iortg and dbort doAeO. 



Ap 1-40 co-incobatBd with apo E4. Apo E3 or £4 
alone showed no increase in fluorescence over this 
period* 1-^ incubated with BSA or ubiqultin 
gave similar fluorescence to the A0 1-40 alone (data 
not Bhowun). The dif^renoes between A^ i-40 alone 
and A^ with apo E3 or E4 were greatest in the first few 
days of incubatjon and were reduced by day 10, sug- 
gesting that the apo E was acting to acceteraie or 
seed fibril formation. 

By electron mfcfosoopy both A^ peptides alone 
and those incubated with apo E3 or £4 formed 
arnylpid4ike fibrils. A^ peptides alorie formed fewer 
fibrils (Figure 2A) than A^ with either apo E3 or E4. 
These were r*10 nm in width, unbranched, and up to 
2 pm jn length. A|3 peptfdea with apo E4 revealed a 
larger number of variable-length fibrils, which tended 
to produce a dense matHx«ni<e meshwork of 7- to 
10-nm fibrils (Rgure 2B); fewer fiti^ls were present 
with A^ and apo E3. No fibrils were noted with apo E3 
or E4 incubated alone. ITi^ electron microscopic ap- 
pearance is similar to another report wtiere Afi pep- 
tides fibril fonnation was studied in the pres^e of 
ptasmarpurified apo E3 and E4.^ 



Discussion 

Extensive evidence for the lini^e between l^e- 
onset AD and the apo E4 allele has been reported.^ 
However, linkage does not always provide easy clues 
to pathogenesis. R>r example, the linkage between 
HLA-627 and ankylosing spondylitis has been known 
for several years arnl is stronger than the linkage be- 
tween apo £ and AD; nevertheless, the mechanism 
remains unkrrown.^^ In the case of apo E direct In- 
volvement in amyloldogenesls is. suggested b^^.a 
number of ol>servatlor». Apo E has been fojuf^d'fn all 
types of amytofd deposits Immunbhistocheml- 
Q^lly 10.43 and apo E fragments have been found by 
sequencing In a number of bkschemhsany dlstirun 




» ApoE3«-Aft^:.' 
« Apo E4 •: 



2 ' 4 6 

Irictubation period (days) 



— - 

— i I 

8 



10 



amyloid deposits (ref. 11 and unpublished oba&ify^^j^^ 
Hons). Furthermore. sAjB has been shown to blnid>'^^-^ 
E by a number of different methods.' A fiu^r^ 
different rtiles for apo E have been sugg^ste 
pathogenesis of AD^uch as an interactip^) 
The binding of apo B to tau may prevent Jt f 
perphospliorylation/ hence inhibitin^/J 
tion.^ In this r^ypothesis it is the lack 
rather.than the presence of E4 ih^ is 
factor. This theory is difficult to reconcile <f^i 
vafions such as: the lack of correlation of apo E i 
types with other conditions where NFT devejc 
the presence of correlation between apo E4 fei 
Lewy body variant of AD,^ where NFT' 1 ' ' 
at>sent or minimal; and studies on tlie ag^f 
monkey model of AD Despite these i 
fShe theory that apo E3 acts to prevent NFTs rat! 
possibility that part of the linkage of AD'witfi i 
may be due to the lack of a protective factor, brie su 
protective factor could fc>e apo E2. This Is suggest^^ 



as wen as the association l?etween longevity ai ^^.^ . , „^ . . 
E2.^ An alternative theory is mat the apo E4 Is^Sto. ^ 
may be less efficient In the pivotal ible apo E pl&ysf' 
during the qiMS mobili2atfon and distritlution pf^c^; 
lesterol following if\lury/ Apo E-^^optaining Hpp|^r^ 
teins have an Increasing binding to low-densijy^*1p^^ 
poprotein receptors from apo E2 to apo E3 to apo E4^;- ^ 
As a result the presence of apo E4 alters the ttwfsS^^^^ 
of cholesteroi and phospholipids. This cbujd (ead^ -^^^ 
defective relnen^ation and poor syhaptto plastii^)^ 
• agreement wHh this theory recent preliminary "eJ^'^j, 
menfa have stxnvn that in the presence of p migratiiigij; 
very low-density lipoprotein apo £3 Increases lit^'ji^.^^ 
otAgrowth. whereas apo E4 decreases outgroyy^W^^ 
tissue cufture,^^ Both our electron microsco|;:ik:| aipj^iMx, 
ihtoflayin T assay data suggest that apo l&^^'^f^^'^* 
E4 in particular, promote the known fibriildgenlb^F^V. 
tential of Ap peptides at the stated cofK>entritiQi^)Hy . 
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and ooricHtfons used In our experiments. These elisc- 
tron micrbscopio observations are similar to those 
found bi two other papers,^-^ where peptides, 
formed a greater number of fibrils, more quickly in the 
presence of apo E4. The concentrations used In.these 
in vitro studies are much higher than those found In 
bidogf cal fluids and were chosen because they are 
optimal for fibril formation and may more closely 
match conditions found In tfie pathological state. At 
nrore physiological concentrations the Interactions 
between apo E and sAp are Rkely to be very different. 
In oerebrp9plna| f!uld Ap Is in the high picomolar 
range^^and the concentration of apo E Is -^-lOO to 500 
nmoVL»5 This ratio of A^ to apo E is the opposite of 
what we used In our fibril experiments, but in ex- 
tracted amyloid the rstio of the amyl6ld protein to apo 
E Is -idai (unpublished observations): hence this 
ratio was used. We hypothesize that other Initial fac- 
tors lead to increased local concentrations of A^ pep- 
tides and its deposition first as preamyloid in the 



FiffiTB^. matron midrpgrafibs 4tf tiexatiivfy 

batedtoHh tfo £4{b). nctcaic bar f^pfvsenig 
iOooA. 



brain. In response to this deposition fHimerous pro- 
teins are up-regutated Including apo E. Apo E levels 
are known to rise several hundredfold In response to 
peripheral nerve damage7 In the CMS apo E levels 
have also been shown to rise in response to injury.®-^ 
For example, In the compensatory response of the 
hippocampal formation to entorhinnal cortex lesions 
marked increased expression of apo E has been 
shown In the differentiated zone of the molecular 
layer.^ Hence, in pathological conditions where local 
Ap levels are high and apo E Is also elevated such as 
within plaques, the fibrliiDnomofing effect of apo E4, 
. which we document in vitro, is also Rkely to be Im- 
portant In vrvo. Since the process of amyloid forma- 
tion is thought to proceed over decades even a slight 
promoting effect will be significant over time. The fn- 
teractiOT betsyeen Ap and apo E in plaques may also 
be dependent on other factors such as prcteogly- 
cahs, which are. amylold^assoclaled proteins^ that 
apo E is known to btnd.^ 
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Our /n W(rodata indicate that apo E. In the presence 
of high concentrations of Ap peptides, acts t(i accel- 
erate a process that can take place In its obisence. 
The latter Is consistent with the epidemjotogical ob- 
servation that some 40% of patients with AD do.not 
pos$e$$ an ^ allele; hence, apo E fs neither neces- 
sary nor sufficient to cause the disease.^ This is simi- 
lar to the mechanism of action of some of the l<nown 
jBPP rnutatfons. For example. Ap peptides that contain 
the mutation found in the Dutch variant of early onset 
AD » also known as hereditary cerebral henwrrhage 
with amyloidosis. Dutch type, form amylold-like fibril 
at an accelerated rate'***-*'' analogous to wHd-type 
peptides In the presence of apo E. In botii the Dutch 
pedigrees^'* and among early-onset familial AD pa- 
tients with linkage to chromosome'*-^^ no association 
between the Apo E4 isotype and disease expresefon 
has been found. In these families another gene prod- 
uct Is the major accelerator of AD jDalhoIogy» The apo 
E4 allele can be viewed as one of several possible risk 
factora that can predispose to the polygenetio and 
multifactorial^ iOnesa of AD. ^ The discovery of linkage 
between the apo E4 allele and AD and the Interaction 
. between a^o E isoforms and Ap, like the finding of 
BPP mutations, provided a eterting point for the irs 
vestigation of the central events tf^mediate disease 
progression in AD. 
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